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1.0 Executive Summary

The overall aim of this effort was to provide fit-for-purpose testing and subject matter expertise to
UTC and AFRL to support the evaluation of emerging synthetic aviation fuels. This report
contains information on the evaluation of various synthetic aviation fuels including: Sasol IPK,
R-8 HRJ SPK, R-8x HRJ SPK, Boeing Flight Fuels, Camelina HRJ SPK, Camelina/JP-8 (HRJS8),
R-8/Jet A, Tallow HRJ SPK and Tallow/JP-8 (HRJ8). In addition to standardized testing,
detailed studies were carried out in the following areas: dielectric constants, lubricity, ignition
guality, fuel/water separation, and existent gums.

Although most of the fuels studied to date (particularly the 50/50 blends) would likely meet a
standard jet fuel specification, each of the synthetic fuels in this study exhibit their own unique
behavior imparted on the fuel by the particular feedstock. This further reinforces the need for fit-
for-purpose testing to identify those unusual characteristics and to ensure that they are not
significantly outside our current experience with petroleum-derived jet fuels.

In addition to this work, many others have contributed to the evaluation process in an effort to
gain approval of these alternative fuels. Some of the blends containing fuel derived from sources
such as Camelina and Jatropha, have already undergone successful flight tests. Based on the
currently available data it appears that it is also possible to make a suitable HRJ SPK from oil
derived from waste oils (fats, oils, and greases) and halophytes. This is consistent with existing
data that indicates that the hydroprocessing of organic fats and oils produces high quality SPK
regardless of the source.

For most of the synthetic fuels studied in this effort, the primary difference relative to a
petroleum-derived fuel is the lack of aromatics. This would likely affect several properties such
as material compatibility (elastomer swelling/shrinkage), tank gauging (density), and additive
compatibility (solubility). However, it’s likely that these are all minor issues that could be
resolved and would not be a hindrance to the use of this fuel.

The cumulative work herein provides strong evidence that blends composed of 50% synthetic
fuel (FT IPK and HRJ SPK) and 50% petroleum-based fuel will be more than adequate as drop-in
replacements for current petroleum-based fuels.

1
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2.0 Introduction

The overall aim of this effort was to provide fit-for-purpose testing and subject matter expertise to
UTC/AFRL to support the evaluation of emerging synthetic aviation fuels.

This report contains a compilation of results for selected tasks under contract
#FA865008D2806TO0011 and should satisfy the following UTC subcontract agreements:

e (08S590001102C1

e (09S590001112C1

e 10S590001112C2

Three tasks under this effort have been reported separately and are not included in this document.
They include the following:
¢ R-8 Rotary Fuel Injection Pump Wear
o SwRI Project No. 08-14406.03, G. Wilson and D. Yost
o Dated January 2010
o Sub Contract #095590001113C1
e Change in Electrical Conductivity of Synthetic Fuel in Filtration and Storage
Simulations
o SwRI Project No. 08-14406.02, G. Bessee
o Dated January 2010
o Sub Contract #09S590001111C1
e Analysis of Proprietary Fuels
o SwWRI Letter Report, G. Bessee
o Dated January 2009
o Sub Contract #085590001102C1

This report contains information on the following subjects:
e Evaluation of Synthetic Aviation Fuels
o Sasol IPK

R-8 HRJ SPK
R-8x HRJ SPK
Boeing Flight Fuels
Camelina HRJ SPK and Camelina HRJ SPK / JP-8 (HRJ8)
R-8 HRJ SPK / Jet A

o Tallow HRJ SPK and Tallow HRJ SPK / JP-8 (HRJ8)
o Miscellaneous Analyses

o Dielectric Constants of Synthetic Aviation Fuel
FT and HRJ Evaluations (selected tests for comparison)
Lubricity
Ignition Quality Tests (IQT)
JP-8+100 Fuel/Water Separation Tests (SAE J1488)
Existent Gums

O O O O O

O O O O O

The following tasks are documented in full standalone reports included as appendices.
e AppendixB  R-8 Report
e AppendixC  R-8x Report
e Appendix E  FT and HRJ Report
e Appendix F Dielectric Constant Report
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3.0 Methods, Assumptions, and Procedures

3.1 Sample Terminology

Throughout this report, various means of identifying samples or fuel types are utilized. The
Sample Identifiers, shown below in Table 1, Section 4.1, should be used as the primary sample
reference. In figures and tables (where space is limited) and in the text to improve readability,
shortened versions of the formal fuel descriptions may appear. For instance, “Camelina HRJ
SPK,” may simply be shortened to “Camelina” and is assumed to imply a neat fuel. Unless noted
otherwise, blends denoted in this manner — “Tallow HRJ SPK / JP-8” — are assumed to be 50/50
volumetric blends of the synthetic and petroleum-based fuels. For those blends containing “JP-8”
as the petroleum-based fraction, the JP-8 additives are assumed to have been added to the proper
levels after the blend was prepared. In some cases, such a blend may be referred to as an “HRJ8”
which again implies a 50/50 synthetic / petroleum blend containing JP-8 additives.

When this document was first prepared, HRJ or Hydroprocessed Renewable Jet was the favored
terminology and is therefore used throughout. However, pending ASTM ballots sought to replace
HRJ with HEFA or Hydroprocessed Esters and Fatty Acids. Therefore, the reader should be
aware that HRJ and HEFA may appear synonymously in other documents.

3.2 Test Methods

Numerous analytical methods were used in the conduct of this testing. The large majority of
those are ASTM “D” and “E” methods. Throughout this document, those methods are simply
referenced by their method numbers, e.g. “D4052” and “E2716.” Non-ASTM methods, such as
Federal Test Methods (FTM) and those maintained by SAE, EPA, etc. are noted accordingly.
Standardized test methods are not discussed at length in this document. These can be acquired
from the presiding organizations and some are freely available via the Internet (e.g. FTM).
Unless noted otherwise, it is assumed that the standardized tests were run as prescribed. New
tests, modifications to standardized tests, or non-standardized tests are described in more detail
below.

The primary fuel specifications referenced during the conduct of this work are indicated below.
Many of these specifications are in flux as they are undergoing extensive modifications to
accommodate the new emerging turbine fuels.

ASTM D1655 Standard Specification for Aviation Turbine Fuels

ASTM D4054 Standard Practice for Qualification and Approval of New Aviation
Turbine Fuels and Fuel Additives

ASTM D7566 Standard Specification for Aviation Turbine Fuel Containing

Synthesized Hydrocarbons
MIL-DTL-83133G Detail Specification: Turbine Fuel, Aviation, Kerosene Type, JP-8
(NATO F-34), NATO F-35, and JP-8+100 (NATO F-37) (30 Apr 2010)
DEF STAN 91-91 Turbine Fuel, Aviation Kerosine Type, Jet A-1, NATO Code: F-35
(8 Apr 2008)
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3.3 Non-Standard Test Methods

The following sections describe specific methods utilized in this study which were either non-
standardized or modified in some way to suit the needs of this effort.

3.3.1 Hot Surface ignition Temperature (FTM 791-6053)

The Hot Surface Ignition Temperature (HSIT) is measured according to Fed-Std-791 (6053). In
the standard form of this test, the fuel is dripped onto a heated manifold at 1300°F. If ignition
occurs then the test is a failure. SwRI runs a slightly modified procedure by attempting to bracket
the actual ignition temperature. Starting from approximately 800°F, the temperature is increased
in 50°F increments until failure is reached. The temperature is then reduced by 25°F and again
tested. The lowest temperature at which ignition occurs is reported.

3.3.2  Specific Heat Capacity (ASTM E2716)

Having had difficulty in reproducing specific heat capacity data relative to other labs, SwRI
acquired a new TA Instruments Q200 DSC. Based on discussions with Boeing and TA
representatives, the reversing heat capacities of the test fuels were determined using modulated
temperature DSC. This particular technique is documented in ASTM E2716 (rather than E1269).
Both E2716 and E1269 provide general guidelines for performing specific heat capacity
measurements but both maintain a lot of flexibility.

The specific test conditions used in this effort were as follows:

Calibration: Synthetic Sapphire Disk (single point — mid range)
Temperature Range:  -40 to 180°C

Pans: Tzero Aluminum Hermetic

Purge Gas: Nitrogen

Purge Rate: 50mL/min

Heating Rate: 3°C/min

Sample Weight: ~10-15mg

Modulation: 0.716°C every 90s

3.3.3 Thermal Conductivity (SwRI)

There are actually many techniques used to measure thermal conductivity® (e.g. hot wire,
transient plane source, guarded hot plate, laser flash diffusivity). Each has their own unique area
of application with caveats that must be considered. The hot-wire technique is generally regarded
as the preferred approach but was not readily available during this effort. It generally works well
for liquids but it is not without its own issues. The effect of convection currents created during
the experiment must be carefully handled. Prior to this effort, SwRI had recently acquired a
TCi"™ instrument from C-Therm Technologies (www.ctherm.com) which utilizes a modified
transient plane source that uses heat reflectance similar to the hot-wire technique.

Following some initial investigations and discussions with the manufacturer, it was discovered
that in order to more accurately determine thermal conductivity as a function of temperature, we
would need to calculate it from thermal effusivity. The difference between thermal conductivity
and thermal effusivity is subtle. Thermal conductivity is defined as a material’s ability to conduct
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heat while thermal effusivity is defined as a material’s ability to exchange thermal energy with its
surroundings.

The TCi can measure both thermal conductivity and effusivity; however, in order to measure
thermal conductivity as a function of temperature you must calculate it from thermal effusivity.
For materials whose heat capacity and density are known at the desired temperature, a more
accurate thermal conductivity can be obtained through thermal effusivity. Thermal effusivity is
mathematically related only to thermal conductivity, density, and specific heat capacity. The TCi
system also applies a temperature correction curve to effusivity. The overall effect is that the
instrument is more responsive to heat capacity and temperature changes than the direct thermal
conductivity measurement.

Thermal effusivity is defined as:

e = (kpCy)*”
where,
e = thermal effusivity, (W s"?)/(m? K)
k = thermal conductivity, W/(m K)
p = density, kg/m®
C, = heat capacity, J/(kg K)

3.3.4  Surface Tension (ASTM D1331A)

To perform surface tension measurements, SwWRI uses an automated tensiometer (K100 from
Kriiss). Although this unit incorporates a heating/cooling jacket, it typically isn’t sufficient to
reach the desired test temperatures in a reasonable amount of time. For that reason, samples are
heated/cooled separately to within 5°C of the desired temperature and then transferred to the
instrument. The heating/cooling jacket on the instrument is then used to maintain the temperature
while a measurement is made (on the order of 1 minute).

3.3.5  Water Solubility vs. Temperature (SwRI)

This test utilizes a standard coulometric Karl Fischer water titrator but the sample preparation is
unique. Unaware of any standard procedure to perform this test, SWRI developed the following
approach:

o A sample composed of water (1-mL) and fuel (7-mL) are sealed in a 10-mL septum vial.

e The vial is gently shaken and then placed in an oven or cold box and allowed to
equilibrate to the test temperature.

o After approximately four hours, the vial is gently shaken again. The vial is then allowed
to rest for a period of at least 24 hours at the test temperature.

o After the rest period, a sample is carefully withdrawn through the septum using a syringe
without agitating the vial contents. To the extent possible, this is done while maintaining
the sample at the test temperature.

e The total water content of the sample is then measured by ASTM D6304.

Lastly, the temperature of the fuel itself is measured using a thermocouple probe.
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3.3.6 Vapor Pressure (D6378)

True vapor pressure by the triple expansion method is relatively new so we have no comparative
literature data at the present. To support this work, SWRI purchased an ERAVAP (manufactured
by Eralytics™ GmbH) from Compass Instruments. The instrument supports two modes of
operation: single point analysis and unattended operation over a range of temperatures. The
instrument can determine vapor pressures in the range of 0-120°C.

For this effort, we chose to operate in the unattended mode for two reasons: 1) to be able to
measure more points in a short amount of time, and 2) to conserve fuel. In some preliminary
testing, it was noted that samples run in the single point mode gave slightly lower values
(~5-10%) than those run in the unattended mode. It’s still unclear which method gives the most
accurate result. For single component samples, like pentane, both methods yield highly accurate
and repeatable results. One consideration is that repeated sampling of the same container may
lead to loss of light ends which may be affecting the data. This was yet another reason behind the
decision to sample once and allow the instrument to operate in unattended mode.

3.3.7 Dielectric Constant (SwRI)

At the start of this effort little was known or documented about measuring dielectric constant
specifically for aviation fuel. The only group known at the time to be conducting this
measurement was Goodrich Sensors and Integrated Systems, Inc. To help support AFRL,
Goodrich agreed to loan SwRI one of their k-cells. SwRI invested in the necessary peripheral
equipment and subsequently adopted a variation of the Goodrich procedure which is outlined
below.

3.3.7.1 Apparatus

k-cell

k-cell holder

Andeen-Hagerling Ultra-Precision Capacitance Bridge (2700A), 50Hz-20kHz
Thermocouple

Thermocouple reader

The “system” shall refer to the combination of the capacitance bridge and k-cell.

3.3.7.1.1 Materials

1000mL Beaker

Isopropanol (Grade - Certified ACS Plus or better)
Cyclohexane, HPLC Grade or better

Solvent bottle

3.3.7.2 Cleaning the k-cell

To clean the k-cell, use the following procedure:
1) Disconnect the k-cell from the capacitance bridge
2)  Allow the k-cell to drain thoroughly
3) Perform an initial flush of the k-cell using isopropanol from a solvent bottle
4)  Allow the k-cell to drain thoroughly
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5) Submerge the k-cell into a beaker filled with isopropanol. Do not submerge the BNC
connectors of the k-cell.

6) Remove the k-cell from the isopropanol.

7) Repeat steps 5-6 two more times

8) Allow the k-cell to drain thoroughly.

9) Submerge the k-cell into a second beaker filled with isopropanol. Do not submerge the
BNC connectors of the k-cell.

10) Remove the k-cell from the isopropanol.

11) Repeat steps 9-10 two more times

12) Allow the k-cell to drain thoroughly.

13) Dry the k-cell using a stream of dry, oil-free air. The k-cell should be kept vertical so
that fluid can drain.

3.3.7.3 System Verification

When verification of the system is required, the following procedure shall be followed.
1) Determine the dielectric constant of cyclohexane at ambient temperature (18-25°C)
according to the procedure in Section 3.3.7.6.
2) The dielectric constant of cyclohexane shall not deviate by more than +0.01 units from
those established by the following curve:

g =-0.00162T + 2.0564
where,
g, = dielectric constant
T = temperature (°C)

3.3.7.4 Instrument Calibration

Calibration of the capacitance bridge shall only be performed by the manufacturer.

3.3.7.5 Sample Preparation

Other than equilibrating the sample to the appropriate test temperature, no sample preparation is
required in the normal execution of this procedure.

3.3.7.6 Test Procedure

The following procedures are used to measure the capacitance of an air or a liquid sample. Refer
to the operating manual for instructions on using the capacitance bridge. For all procedures,
allow the capacitance bridge at least 30 minutes of warm-up time prior to performing a
measurement.

Dielectric Constant of Air

1) Ensure that the k-cell has been cleaned as described above.

2) Connect the k-cell to the capacitance bridge (the cables are labeled to match the inputs
on the rear of the bridge)

3) Set the desired frequency of the capacitance bridge (nominally 400Hz or 10kHz)

4) Air measurements should be performed at room temperature (18-23°C). Allow the
k-cell and its holder to equilibrate to the room temperature for at least 30 minutes prior
to running.

5) Place the k-cell in its holder.
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6)

7)

Collect and record three separate capacitance and temperature readings within two
minutes. Alternatively — monitor the capacitance in continuous mode until the fourth
decimal place becomes steady for at least 1 minute. This is often difficult if the room
temperature is not constant. Collect three readings over a three minute a period.
Calculate the average air capacitance according.

Dielectric Constant of a Liguid Sample

1)
2)
3)

4)
5)

6)

7)

8)

3.3.7.7

Test temperatures may range from -40°C to 80°C.

Ensure that the k-cell has been cleaned as described above.

Connect the k-cell to the capacitance bridge (the cables are labeled to match the inputs
on the rear of the bridge)

Set the desired frequency of the capacitance bridge (nominally 400Hz or 10kHz)

Under hot conditions

a. Equilibrate the k-cell, k-cell holder, and sample separately to the desired
temperature.

b. Transfer the equilibrated sample to the equilibrated k-cell holder.

c. Place the equilibrated k-cell in its holder.

d. Allow an additional 10-20 minutes of equilibration or until stable.

Under cold conditions

a. Assemble the k-cell, k-cell holder, and sample under ambient conditions in a
low humidity environment (50% non-condensing).

b. Equilibrate the k-cell, k-cell holder, and sample together to the desired
temperature. This prevents humid air from condensing out on the k-cell and
k-cell holder which will affect the results.

Collect and record three separate capacitance and temperature readings within two
minutes. Alternatively — monitor the capacitance in continuous mode until the fourth
decimal place becomes steady for at least 1 minute. This is often difficult if the
temperature is not constant. Collect three readings over a three minute period.
Calculate the dielectric constant as described below.

Calculations

The dielectric constant, ¢, is calculated as the ratio of the capacitance of the fuel-wetted k-cell to
the capacitance of air (dry k-cell):

where

&= Csample ! Cair

& = dielectric constant
Csample = Capacitance of the sample (pF)
C.ir = capacitance of air (dry cell) (pF)

The capacitance of air, Cyy, is measured once per day, in triplicate, prior to samples being run.
The final value is computed as an average of the three runs and used in all subsequent
calculations for samples run that day.

3.3.7.8 Data to Be Recorded

1)
2)
3)
4)
5)
6)

Capacitance of air (in triplicate) at ambient temperature (pF)
Air temperature (°C)

Capacitance of the sample (in triplicate) (pF)

Sample temperature (°C)

k-cell holder ID#

Thermocouple S/N
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7) Thermocouple reader S/N

Capacitance values shall include all digits displayed by the capacitance bridge.
3.3.8 Elastomer Evaluation (SwRI)

The o-ring elastomer compatibility test, adapted from ASTM D1414, is a useful screening tool
when a full material compatibility test is cost prohibitive. Three types of o-rings are used in this
test - fluorosilicone, nitrile, and viton. Four o-rings are evaluated for each test for statistical
purposes. Prior to soaking in fuel, the elastomers used for the volume change measurement
(ASTM D1414/D471) are sent to the lab for pre-measurement. Since the tensile strength test
(ASTM D1414/D412) is destructive, these baseline measurements are based on a different set of
o-rings measured previously and assumed to be the nominal value for this lot of o-rings. The o-
rings are then placed on a stainless steel rack, covered in test fuel (approximately 200mL), and
soaked for 7 days in the dark at room temperature. Once the soak period is complete, the samples
are returned to the lab where they are tested for tensile strength and volume change.

3.3.9  SAE J1488 (Fuel/Water Separation)

Per ASTM D4054 (Standard Practice for Qualification and Approval of New Aviation Turbine
Fuels and Fuel Additives), the candidate fuels should have no impact on coalescer filtration
relative to a typical Jet A. The standard method for evaluating filtration performance for aviation
use is API/EI 1581 5th Edition. A single element test (SET) is performed to evaluate the water
and dirt removal characteristics, which includes the following sequence of tests:

e water challenge at 100-ppm for 30 minutes

e dirt challenge for 75 minutes

e 100-ppm water challenge for an additional 150 minutes

e 3% water challenge.

The test equipment is well defined in this standard but a test typically requires the use of
approximately 12,000 gallons of test fuel. Testing on this scale requires a large facility and
therefore limits its widespread application. For our discussions, the main component of interest is
the 2,950-rpm centrifugal pump. During the water challenge, water is injected upstream of this
pump so that it generates a consistent emulsion.

The challenge was how to evaluate the water removal characteristics of alternative aviation fuels
given very limited quantities of test fuel. A test method utilized by the automotive industry is
Society of Automotive Engineers (SAE) J1488 (Emulsified Water/Fuel Separation Test
Procedure). This test method utilizes a 3,500-rpm centrifugal pump to generate a fuel/water
emulsion to challenge the test filter. The water challenge is 2,500-ppm of water for 150 minutes.
Since the pumps were similar, the SAE J1488 method seemed like a reasonable alternative to
determine if any of the candidate aviation fuels exhibited water removal issues. A typical J1488
test requires approximately 50-L of fuel which would typically be available even in pre-
production runs of fuel.

Since most automotive fuel filters utilize hydrophobic barrier filtration (due to cost constraints),
the next challenge was to find an automotive fuel/water separator similar to what is utilized in the
API/EI 1581 test method. The solution was found in the filtration system used on the U.S. Army
M1AL1 battle tank. Since the tank utilizes a turbine engine, the original filtration design was
similar to that used for the aviation industry. The housing utilizes two coalescers and one
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separator in the housing. The flow patterns are similar in that the flow is inside-out for both the
API/EI 1581 coalescers and M1A1 filters and the flow is outside-in for the separators. Both
coalescer technologies use glass to generate larger water droplets and Teflon separator screens to
repel any water that gravity does not remove. Through years of experience, these filters are
known to SwRI to provide good fuel/water separation for aviation fuel under normal operating
conditions. Collective experience has shown that it is possible to fail this test using these filters
under the right conditions of fuel type and additive treatment.

The intended purpose of the two test methods is somewhat different. The primary intent of
API/El 1581 is to qualify aviation fuel filters while J1488 is primarily used to determine water
removal efficiency (WRE) for a given filter. These are handled differently by each method.
API/El 1581 uses the Aqua Glo ® test so it only measures dissolved water. The J1488 test
measures only free water using a Karl Fisher coulometric water titrator (the fuel saturation limit is
subtracted out of the total water content). Strictly speaking, there are no pass/fail criteria when
applying the J1488 test in this manner. The test is simply used as a screening tool to identify
obvious signs of fuel/water separation issues. For instance, if a test were run that resulted in a
50% WRE, that should cause some immediate concern and additional investigations would be
warranted. That’s not to say that a fuel that gives a >95% WRE by J1488 will always pass the
API/EI 1581 test but it provides some confidence that the fuel doesn’t have any significant
fuel/water separation issues.

In conclusion, although the J1488 method does not incorporate particulate filtration, several parts
of the test method bear a strong resemblance to API/EI 1581. With a moderately severe water
challenge and a filtration system design nearly identical to that used in API/EIl 1581, SAE J1488
was offered as a good screening methodology for alternative aviation fuels. We should strongly
note that this test is not recommended as a substitute but rather as a screening tool when fuel
volumes are limited and testing otherwise would be impossible.
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4.0 Results and Discussions

The following sections provide details on specific tasks under this effort. For sub-reports, the
reader is directed to the appropriate appendix for further reading.

4.1 Sample Cross-Reference

The samples in Table 1 were the primary focus of this effort and are discussed throughout the
remainder of the document and in sub-documents. Other samples are identified where
appropriate. Other than the Boeing Flight Fuels (CL09-0500 to 0503), all synthetic fuels were
provided by AFRL. Information on the production of the Boeing Flight Fuels is documented
elsewhere by Boeing®. In some cases (noted in the table) Jet A for blending was provided by
SwRI. Where available, certificates of Analysis (CofA) are provided in Appendix N.

Table 1. Sample Identifiers

POSF# SwRI CL# Description
5642 CL09-0268 | Sasol FT-IPK
5469 CL09-0324 R-8 HRJ SPK (Lot 1)

R-8 HRJ SPK / Jet A Blend

{The Jet A was provided by SwRI from fuel on-hand at its API Facility}
- CL09-0500 | Jatropha / Algae Blend (Boeing)

50/50 Bio-SPK / Jet A Blend (JAL Blend, Boeing)

-- CL09-0325

74 LO9- 1 X
26 €L03-050 Bio-SPK portion from Camelina/Jatropha/Algae
50/50 Bio-SPK / Jet A Blend, (CAL Blend, Boeing)
>675 €L05-0502 Bio-SPK portion from Jatropha/Algae
50/50 Bio-SPK / Jet A Blend (ANZ Blend, Boeing)
7 LO9- *
2673 €L03-0503 Bio-SPK portion from Jatropha
5470 CL09-0636 R-8x HRJ SPK
6152 CL10-0278 Camelina HRJ SPK
5469 CL10-0326 R-8 (second batch received in 2010)
6184 CL10-0327 Camelina HRJ SPK/JP-8 (POSF6183/POSF4751)

R-8 HRJ SPK/Jet A

-- CL10-0428 {The Jet A was acquired by SwRI from Valero specifically for blending
with the R-8. A CoA is provided herein.}

-- CL10-0429 | Jet Afor R-8 Blend (Valero)

5140 CL10-0687 TS-1

6308 CL10-0773 Tallow HRJ SPK
6406 CL10-0932 Tallow HRJ SPK/JP-8
4658 CL09-0342 JetA

“ To our knowledge, the Bio-SPK fuels were produced according to UOP’s Renewable Jet Fuel Process
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4.2 Evaluation of Synthetic Aviation Fuels
4.2.1 Sasol IPK

A subset of selected tests from the Fit-For-Purpose test matrix (ASTM D4054) and aviation
specifications (ASTM D1655) were performed on the Sasol IPK. The highly isomerized nature of
the fuel manifests itself in some fuel properties that tend to lie at the extremes of what might be
considered a typical aviation fuel. However, none of the differences appear excessive to the point
of failure.

The test results for the Sasol IPK can be found in Appendix A (page A-1). Results from the fuel
are also included in the discussion below on critical fuel properties.

4.2.2 R-8 HRJ SPK (2009)
Please see Appendix B (page B-1) for the full R-8 report.
4.2.3 R-8x HRJ SPK

Please see Appendix C (page C-1) for the full R-8x report.
4.2.4 Boeing Flight Fuels

The fuels provided by Boeing for analysis were those used in recent flight tests by three major
airlines: Air New Zealand (ANZ), Continental Airlines (CAL), and Japan Airlines (JAL). Each of
the fuels was a 50/50 blend of Bio-SPK and petroleum-based jet fuel. The Bio-SPK ranged from
neat biofuel to a blend of several biofuels. The biofuels being investigated were those derived
from camelina, jatropha, and algae.

The test results for the flight fuels are provided in Appendix D (page D-1). Many of the critical
properties are discussed in detail below and plotted against the other fuels in this study for
comparison. These fuels showed no outward signs of unusual properties relative to the various
aviation fuel specifications.

4.2.5 FT and HRJ Evaluation
Please see Appendix E (page E-1) for a comparative evaluation of selected FT and HRJ fuels.
4.2.6 Dielectric Constants of Synthetic Aviation Fuel

Please see Appendix F (page F-1) for a comparative evaluation of the dielectric constants of
petroleum and synthetic aviation fuels.

4.2.7 R-8 HRJ SPK/Jet A Evaluation

A second shipment of R-8 HRJ SPK (POSF5469, CL10-0326) was received from AFRL in
February 2010. This batch of R-8 was from the same pilot production as the R-8 tested in 20009.
After acquiring a new batch of Jet A (CL10-0429) from Valero, a 50/50 R-8/Jet A blend was
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prepared (CL10-0428) and subjected to a complete fit-for-purpose analysis. The results of this
testing can be found in Appendix H.

Noteworthy observations:

e The blend gave extremely high lubricity values but this is expected since the fuel
contained no lubricity additives.

e The upper (UEL) and lower (LEL) explosion limits and the minimum ignition energy
(MIE) showed some of the lowest values observed to date. The lab that runs the MIE test
reported that there was condensation inside the vessel indicative of incomplete
vaporization at 100°C. Similar observations were noted in previous tests on R-8.

e After completing the fuel/additive compatibility test, some additive separation was noted.
Small droplets were seen in the bottles containing FSIlI and the additive cocktail
(MDA, AO, SDA, CI/LI, and FSII). A subsequent re-run of those samples showed no
signs of separation. We suspect this may have resulted from incomplete initial blending.

4.2.8 Camelina HRJ SPK and Camelina HRJ8

Samples of neat Camelina (POSF6152, SwRI CL10-0278) and a 50/50 Camelina/JP-8
(POSF6184, SWRI CL10-0327) blend were provided by AFRL for fit-for-purpose testing. The
results of this testing can be found in Appendix I. Relative to other HRJ samples, both the neat
and blended Camelina produced some results that caused it to stand out from the other samples.

Noteworthy Observations:
e Camelina

o Low density
o Low viscosity
o Low boiling point distribution
o High vapor pressure
e Camelina/JP-8
o Low viscosity

o Surface tension showed less of a response to temperature change than the other
samples.

Some of these differences are illustrated below.

4.2.9 Tallow HRJ SPK and Tallow HRJS

A sample of neat Tallow (POSF6308, SwRI CL10-0773) and a 50/50 Tallow/JP-8 (POSF6406,
SwRI CL10-0932) blend was provided by AFRL. Limited testing was performed on the neat
Tallow in advance of the arrival of the blend. Those results can be found in Table G-4 of
Appendix G.

The results of the Tallow/JP-8 evaluation can be found in Appendix J. While most of the common
fuel properties appeared unremarkable, three observations stood out as noteworthy:

e The Tallow/JP-8 blend seemed to have an affinity for water at elevated temperatures.
o At elevated temperatures, the electrical conductivity was unusually high relative to other
samples.
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e Similar to the R-8/Jet A blend, the Tallow/JP-8 blend also showed signs of separation
with FSII and the additive cocktail. While the FSII appeared to stay in solution on a
subsequent run the additive cocktail continued to show signs of additive separation.

4.3 Miscellaneous Fuel Testing

Over the course of the project, some requests were made for miscellaneous testing of fuel
samples. Testing was performed on selected samples by the following methods:

e High Frequency Reciprocating Rig (HFRR) — D6079

e Scuffing Load BOCLE — D6078

o Ignition Delay and Derived Cetane Number (by 1QT™) — D6890

The results for these miscellaneous sample evaluations can be found in Appendix G (page G-1).

4.3.1 Comparative Lubricity Data

Also included in Appendix G (Table G-5) is a comparative evaluation of selected fuels for the
three different lubricity measurements: HFRR (D6079), SLBOCLE (D6078), and BOCLE
(D5001). These evaluations were performed to provide a baseline for comparison among various
fuel types including petroleum-derived fuel, IPK, HRJ, and blends thereof.

One observation is that some differences can be seen between these results and the results from
the same testing that was performed when the samples were first received. Many of these
differences are within the repeatability of the respective method so no conclusive comments can
be made regarding the variability. Fuel lubricity is very sensitive to handling and storage and can
change over time. Some containers, such as plastics, can improve the lubricity of a fuel by
leaching material from the walls while others can reduce the lubricity through a loss of additive to
the walls. Although we cannot control the containers in which the samples are received, we
traditionally store samples in glass bottles or epoxy-lined metal cans to minimize the effect on the
fuel while in storage.

4.3.2 Existent Gums

As part of the effort among government and industry groups to have HRJ approved for use and
included in ASTM D7566, a request was made to have a variety of neat HRJ fuels analyzed for
existent gums (ASTM D381). Once the fuels were selected, the existent gum content
(using steam) was determined twice (in duplicate). The results of that testing can be found in
Appendix G Table G-6. Although all of these fuels were shown to have very low existent gum
content when originally analyzed (by SwRI and others) at least two of the fuels, R-8x and
Camelina, showed an increase in gum content. After the second set of tests were complete, the
gum residues were washed with carbon disulfide and sent to UOP for analysis on a high-
resolution mass spectrometer (HRMS). Those results showed the presence of high molecular
weight natural products, such as cholesterol-like compounds and squalene, which had survived
the hydro-treating process. Over time, these had likely concentrated in the sample container. It’s
also noteworthy that the R-8x sample was taken from a nearly empty can and probably not
representative of the original fuel.
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4.3.3  Fuel/Water Separation — JP-8+100

Seven samples of JP-8+100 and one sample of JP-8, Table 2, were received for fuel/water
separation testing by SAE J1488. The JP-8+100 samples contained various types of +100 additive
at a treat rate of 256-mg/L. Where several +100 additives are indicated, equal parts of each were
added for a combined total of 256-mg/L.

The worksheet for each test can be found in Appendix M (page M-1). Overall, the time-weighted
average water removal efficiency (TWA WRE) was 100% for all samples. This suggests that
these combinations of +100 additive should not interfere with the sample’s ability to separate
water when used with a typical filter/separator designed for aviation fuel.

Table 2. JP-8+100 Samples

SwRI Sample ID Description
10-1225 Test#1, POSF6839, w/P41, P47, P50, JP-8+100
10-1226 Test#2, POSF6835, w/P44, JP-8+100
10-1227 Test#3, POSF6834, w/P41, JP-8+100
10-1228 Test#4, POSF6836, w/P47, JP-8+100
10-1229 Test#5, POSF4751, JP-8
10-1230 Test#6, POSF6837, w/P50, JP-8+100
10-1231 Test#7, POSF6838, w/P39, P41, P44, P47, P50, JP-8+100
10-1232 Test#8, POSF6833, w/P39, JP-8+100

4.4 Discussion of Selected Fuel Properties

This section contains a discussion of selected fuel properties with particular focus on the flight-
critical fuel properties. Where possible, fuels evaluated during this study are compared with
expected values based on historical data (CRC Handbook of Aviation Fuel Properties®, CRC
World Fuel Sampling Program?). This serves to highlight some of the distinct characteristics
inherent to some of the fuels and illustrate the expected extremes that may be encountered when
dealing with the emerging synthetic fuels.

44.1 Distillation (D86)

Distillation values for selected fuels in this study are shown in Figure 1. The neat synthetics
generally appear to have higher boiling points on average relative to the 50/50 blends. This
corroborates with other volatility-related measurements such as vapor pressure. However, the
neat Camelina appears to have a very low boiling range. This information seems to be
corroborated by other data such as vapor pressure.

4.4.2 True Vapor Pressure (D6378 Triple Expansion)

The samples shown in Figure 2 were all measured in the unattended operation mode from O-
120°C with 10°C increments. In this mode the instrument draws in a sample, equilibrates to the
next test temperature, and carries out the triple expansion method. The SwRI Jet A generally
agrees with the CRC Aviation Handbook data which was determined by calculation from Reid
vapor pressures. The slightly elevated low-temperature vapor pressure of the “ANZ” blend may
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be valid and is further supported by the lower boiling point temperatures seen in the D86 analysis.
The neat Camelina exhibited an elevated vapor pressure at high temperature also supported by a
low boiling range in the D86. Assuming this data to be accurate, the alternative fuels in this study
generally fall near or between the petroleum-derived Jet A and TS-1. This would suggest that the
alternative fuels and blends thereof might exhibit similar behavior to fuels already approved and
in everyday use.

443 Density (D4052)

Density values for the test fuels are shown in Figure 3. There is good agreement between SWRI’s
Jet A and the CRC Aviation Handbook Jet A data. The neat Camelina stands out with an
exceptionally low density. As expected, the 50/50 blends generally lie midway in between the
neat synthetic and petroleum-based samples. No physical or chemical data is available on the
individual fuels used in the Boeing Fuel Blends (JAL, ANZ, CAL).
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444 Isothermal Tangent Bulk Modulus (D6793)

ASTM D6793 provides a procedure to determine two types of isothermal bulk modulus: secant
and tangent. The isothermal secant bulk modulus is measured directly using a classical P-V-T
measurement and the isothermal tangent bulk modulus is calculated from that data. In the
literature, most of the bulk modulus data for fuel is based on speed-of-sound measurements and
called isentropic or adiabatic bulk modulus. An internet literature search found some evidence
that the speed-of-sound measurements produce “adiabatic tangent bulk modulus,” although we’ve
been unable to back that up with a credible source. Indeed, we’ve found that the isothermal
tangent bulk modulus closely resembles the adiabatic measurements found in the literature. The
CRC Handbook of Aviation Fuel Properties states that the relationship between these different
techniques is:

Bs/B;=C,/C, =y
where,

C,/C, = is the ratio of specific heats for the fuel
B, = adiabatic (isentropic) bulk modulus (based on speed of sound)
B. = isothermal bulk modulus

CRC suggests that gamma ~ 1.15 for a typical jet fuel (this value has not been independently
verified but might vary anywhere from 1.0-1.15). This would require the isothermal values to be
up to 15% lower than what is typically found in the literature. To date, our values for isothermal
tangent bulk modulus are actually slightly higher than those reported by CRC. We feel our
isothermal data is higher than what would normally be expected although we’ve been unable to
find a source for the positive bias.

The adiabatic bulk modulus can be calculated from speed-of-sound as:

Bs = pC2
where,
B; = adiabatic (isentropic) bulk modulus, Pa
p = density, kg/m®
¢ = speed-of-sound, m/s*
Using a nominal density value for Jet A yields approximate values in the range of 1200-1250 m/s
for the CRC data. This seems to be low relative to other literature sources for similar fuel, which
give values in the range of 1300-1400 m/s. At the time of this writing, SwWRI was working on
instrumentation for measuring speed-of-sound so a direct comparison can be done in the near
future. A few measurements made to date have produced a value of approximately 1300-m/s for a
petroleum-based Jet A.

The isothermal tangent bulk modulus data at 30°C (Figure 4) and 60°C (Figure 5) is presented
below. The observed trends generally show that the petroleum-based Jet A gives the highest bulk
modulus value while the neat synthetics tend to lie at the lower extremes. The 50/50 blends fall
between those values.
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4.4.5 Dielectric Constant

Dielectric constant varies inversely as a function of temperature and shows distinguishable
differences between fuel types (Figure 6). Relative to density (Figure 7), the differences between
fuel types are minimal. This data was generated by measuring the dielectric constant at a series
of temperatures between -40°C and 80°C. The density at these temperatures was determined by
extrapolation from the density curves for the particular fuel. A linear curve fit of the
corresponding data allowed the dielectric constant to be plotted across a range of densities or
temperatures.

The variation across a range of densities may still be significant. Aircraft may now see fuels
ranging from 100% petroleum-based fuel to 50/50 blends whose densities may vary by 30 kg/cm®
or more. The impact of this difference on the aircraft tank gauging system should be considered.
This data was generated at a frequency of 400Hz for comparison to historical data. Additional
testing was performed at frequencies up to 12 kHz with no significant effect on dielectric
constant. This may not be true for all dielectric cells and fuels containing excessive water.
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4.4.6 Spontaneous Ignition

The CRC Aviation Handbook lists two general types of spontaneous ignition: Autoignition and
Hot Surface Ignition.

4.4.6.1 Autoignition Temperature (ASTM E659)

Autoignition Temperature (AIT), determined by ASTM E659, is the temperature at which fuel
vapor will ignite in the absence of an ignition source. AIT values for typical hydrocarbon fuels
are expected to fall between 200-260°C. The fuels tested in this study (Figure 8) all fell within the
expected range.
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Figure 8. Autoignition Temperature

4.4.6.2 Hot Surface Ignition Temperature (FTM 791-6053)

The Hot Surface Ignition Temperature (HSIT) is measured according to Fed-Std-791 (6053). In
the standard form of this test, the fuel is dripped onto a heated manifold at 1300°F. The purpose
of this test is simply to determine whether the fuel burns or not at that temperature. There are no
pass/fail criteria. SwRI runs a slightly modified procedure by attempting to bracket the actual
ignition temperature. Expected values for HSIT are 800-1200°F. The fuels tested in this study
(Figure 9) gave ignition temperatures between 1150-1275°F.
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4.4.7 Minimum Ignition Energy (ASTM E582)

This test measures the minimum amount of energy necessary to ignite a hydrocarbon fuel/air
mixture. The energy is provided via a spark discharge and is expected to fall in the range of 0.2 to
1.0 mJ. The fuels in this study selected for this test fell within the expected range. In order to
create the fuel/air mixture, the fuel had to be heated to get complete vaporization. A temperature
of 100°C was the standard temperature employed. The only noted trouble was with R-8, which
had to be heated slightly higher to achieve complete vaporization. This was also noted by the lab
running the explosion limit tests. This appears to agree with the higher boiling point values seen
in the D86 analysis. The R-8/Jet A blend (CL10-0428) prepared in 2010 continued to show
vaporization issues.

448 Upper/Lower Explosion Limits (ASTM E681)

Like the minimum ignition energy test, testing for the upper/lower explosion limits require the
fuel to be vaporized by heating. A temperature of 100°C was used here also with the noted
exception of R-8, which had to be heated to 150°C. This trend repeated in 2010, with the
R-8/Jet A blend giving very low UEL and LEL values. Of the fuels tested by this method,
Figure 11, the lower explosion limits ranged from 0.4-0.5 vol% and the upper explosion limit
ranged from 3.5-6.0 vol%. The nominally expected values were 0.6 and 4.7 vol%, respectively.
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4.4.9 Specific Heat Capacity (E2716)

The reversing heat capacity results are shown in Table 3 and plotted in Figure 12. The slopes of
these curves are similar to those found by Boeing although we still see a slight negative bias in
our data relative to theirs. There are many factors that can affect these results so reproducibility
values in the range of 5-10% would not be unexpected. Like many other measurements, the
values for the specific heat capacity of hydrocarbon-based fuels are going to vary in a narrow
range. Gross changes in composition, like aromatic content or iso/normal paraffin ratios, would
likely account for the most significant differences.

Table 3. Reversing Heat Capacity

SwRI Sample ID Reversing Heat Capacity (kJ/kg.K) S
-30°C 0°C 50°C 100°C 150°C
CL10-0429 (Jet A) 1.745 1.860 2.051 2.242 2.434 Cp = 0.0038*T + 1.8595
CL09-0268 (Sasol IPK) 1.860 1.989 2.205 2.420 2.636 Cp = 0.0043*T +1.9893
CL09-0324 (R-8) 1.808 1.924 2.118 2.312 2.505 Cp =0.0039*T +1.9243
CL09-0325 (R-8/Jet A) 1.804 1.915 2.099 2.284 2.468 Cp =0.0037*T +1.9145
CL09-0636 (R-8x) 1.860 1.964 2.136 2.309 2.482 Cp =0.0035*T +1.9637
CL09-0501 (JAL) 1.697 1.808 1.992 2.177 2.361 Cp =0.0037*T + 1.8076
CL09-0502 (CAL) 1.840 1.947 2.125 2.303 2.481 Cp =0.0036*T + 1.9467
CL09-0503 (ANZ) 1.845 1.953 2.132 2.311 2.490 Cp =0.0036*T + 1.9526
CL10-0327 (Camelina/JP-8) 1.800 1.907 2.084 2.262 2.439 Cp = 0.0035*T + 1.9068
CL10-0428 (R-8/Jet A) 1.797 1.905 2.086 2.267 2.448 Cp =0.0036*T +1.9051
CL10-0932 (Tallow/JP-8) 1.774 1.879 2.053 2.228 2.403 Cp = 0.0035*T + 1.8786
CL10-0326 (R-8) 1.822 1.928 2.104 2.281 2.458 Cp =0.0035*T + 1.9276
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4.4.10 Thermal Conductivity (Modified Transient Plane Source)

Based on data reported by the CRC Aviation Handbook and NIST? the expected thermal
conductivity values for a typical aviation fuel might be expected to fall in the range of 0.9-0.14
W/m.K. Thermal conductivities calculated from TCi effusivity are shown in Figure 13. These
data have been linearized for readability. In reality, the data is quite noisy. The change in thermal
conductivity as a function of temperature is very small over this range and it appears that we are
operating near the limit of resolution for this instrument. The CRC data shown in the figure was
measured by the hot-wire technique. This difference between the two methods was not
unexpected. As seen in some other tests, the Camelina/JP-8 exhibits some odd behavior relative
to the other samples and the Sasol IPK is clearly distinguishable. The R-8 blends also appear to
fall half-way between the neat R-8 and Jet A. Similar to specific heat capacity, it’s likely that
most hydrocarbon-based fuels are going to fall in a very narrow range as do these thermal
conductivity values. Since these properties are primarily going to affect cooling capacity,
additional input is needed from the OEMSs to establish minimum criteria.

4.4.11 Surface Tension (D1331A)

From a practical application standpoint, surface tension is primarily affected by temperature and
the presence of surfactants. An increase in temperature or the addition of surfactants generally
causes a decrease in the surface tension of the fuel. Surface tension implies that the fuel is in
direct contact with air. From a performance standpoint, the surface tension can affect fuel
atomization.

For selected fuels in this study, the surface tension as a function of temperature is shown in
Figure 14 and is in generally good agreement with the CRC Aviation Handbook values. From
experience, the surface tension value can change dramatically (5 units or more) depending on the
additives present. Clay treating can also cause a significant increase in surface tension. The Sasol
IPK clearly stands out from the others. Its lower value is likely related to its isomerized
composition. The Camelina/JP-8 exhibited a weaker response to temperature than the other fuels.
Other unexpected results on the neat Camelina, such as boiling point distribution and vapor
pressure, suggest that the chemical composition of the Camelina may be different than the other
fuels.

2 Data provided by AFRL but withheld from this report
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4.4.12 BOCLE (D5001) vs. CI/LI Concentration (DCI-4A)

A standard BOCLE test of neat fuel provides an indication of the inherent lubricity of the fuel.
Equally important is to determine the response of a unadditized fuel to the addition of a standard
lubricity improver (DCI-4A). Prior to testing, the selected fuels are clay-treated to remove all
additives. The fuels are then re-additized and their lubricity re-evaluated. The general finding is
that most fuels respond immediately to low dosages of additive but quickly plateau at higher
levels. Selected fuels are shown in Figure 15.

4.4.13 Water Content (D6304) vs. Temperature

Aviation fuels, like Jet A, tend to be relatively dry due to their saturated hydrocarbon
composition. For a typical aviation fuel, temperature is the primary factor that affects water
content; additives and contaminants may also play a role. The distinction between “free” and
“dissolved” water is subtle. Free water tends to fall out quickly while dissolved water is a
function of the fuel temperature (and other factors such as fuel composition). This test seeks to
find the saturation limit of water in a given fuel at a given temperature. The Karl Fischer method
utilized in this procedure measures total water content which should consist of only dissolved
water following a long period of equilibration. Equilibrium is defined as the point at which the
vapor space above the fuel is saturated with water. Without a direct means of measuring the
water content of the vapor space, long equilibration times are used to ensure complete saturation.

The results for selected fuels are shown in Figure 16.
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4.4.14 Kinematic Viscosity (D445)

Kinematic viscosity data for selected fuels are shown in Figure 17. The data shows good
agreement to the CRC Aviation Handbook Jet A data. As with many other properties, the values
for the Sasol IPK lie at the extremes of the data set.

4.4.15 Electrical Conductivity (D2624) vs. SDA Concentration (Stadis 450)

Understanding how a fuel responds to the addition of static dissipator additive (SDA) is critical to
prevent over or under-additizing in the field. Procedurally similar to the lubricity evaluation, the
fuel is first clay-treated and then dosed with varying amount of Stadis 450. The electrical
conductivity is then measured at room temperature using a hand-held meter. A comparison of
several fuels is shown in Figure 18.

4.4.16 Electrical Conductivity vs. Temperature

Electrical conductivity as a function of temperature is shown in Figure 19. This test is conducted
by chilling a fuel sample down in a dry ice/alcohol bath to below -40°C and then allowing it to
warm slowly to room temperature while periodically measuring the electrical conductivity with a
handheld meter. Once at room temperature, the fuel is then warmed slowly with periodic
measurements as before. Although it’s possible to collect data in this manner, better temperature
control and a fixed probe would likely yield more reproducible results. The Tallow/JP-8 blend
gave unusually high values at elevated temperatures for reasons currently unknown. Values of
this magnitude were reproduced several times.

4.4.17 EPA Testing

The complete reports for the EPA testing for carbonyls, alcohols, esters, and phenols are provided
in the following Appendices:
e Camelina (CL10-0278) — Appendix K
Camelina/JP-8 (CL10-0327) — Appendix K
R-8 (CL10-0326) — Appendix K
R-8/Jet A (CL10-0428) — Appendix K
Tallow/JP-8 (CL10-0932) — Appendix L

For each sample, a report is provided showing the target compounds with those in bold indicating
that they were present above the detection limit. Also provided is a table of compounds that were
tentatively identified by the mass spectrometer. None of the identified compounds are remarkable
as they could just as likely be found in a typical aviation fuel.
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4.4.18 Elastomer Compatibility

The complete results for each fuel tested by this method are included with their respective data
sets in the appendices. Some comparative results are shown in Figure 20. In this figure, we use
tensile load although this would be approximately proportional to tensile strength. Since no hard
limits exist for tensile load/strength and volume change, the data is primarily qualitative. For
tensile load/strength, the data is compared to a baseline run consisting of an unsoaked o-ring.
What does appear significant is the effect of the R-8 on all three elastomers. This is the only neat
fuel in the set and contains no aromatics. The relationship between increased aromatic content
and increased volume swell (especially with nitrile) has been well-documented by others®. In this
case, the 50/50 blends in the study all contain approximately 10% aromatics and exhibit similar
behavior. The R-8, having no aromatics, shows reduced swelling or even shrinkage relative to
the initial measurement. This effect could possibly lead to o-ring failure and leaks in the system.
R-8 also imparts some minor loss of tensile load/strength in Viton and all fuels seem to have a
minor effect on the fluorosilicone tensile load/strength relative to the unsoaked o-ring.

With respect to volume swell, the general impact on materials in this study follows the trend:
Fluorosilicone > Nitrile > Viton

In other independent studies, the nitrile was shown to swell more than the fluorosilicone. One
problem with this testing is the lack of standardization in material selection. The o-ring
composition and manufacturing variables will vary by manufacturer and even lot-to-lot within the
same product line. All of this testing to date has been accomplished with o-rings from a single lot
of each material. How these o0-rings compare to the materials used by other labs performing this
test is difficult to say.
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5.0 Conclusions

Overall, the testing performed to date provides strong evidence that blends composed of 50%
synthetic fuel (FT SPK and HRJ SPK) and 50% petroleum-based fuel will be more than adequate
as drop-in replacements for current petroleum-based fuels.

Although most of the fuels studied to date (particularly the 50/50 blends) would likely meet a
standard jet fuel specification, each of the synthetic fuels in this study exhibit their own unique
behavior. These differences seem related to the unique characteristics imparted on the fuel by the
various feedstocks. Certainly, additional research seems necessary to determine why these
characteristics are transferred to the fuel and not removed by the refining process. This further
reinforces the need for fit-for-purpose testing to identify those unusual characteristics and to
ensure that they are not significantly outside our current experience with petroleum-derived jet
fuels.

For most of the synthetic fuels studied in this effort, the overriding differences probably stem
from the lack of aromatics. This would likely affect several properties such as material
compatibility (elastomer swelling/shrinkage), tank gauging (density), and additive compatibility
(solubility). However, it’s likely that these are all minor issues that could be resolved and would
not be a hindrance to the use of this fuel.
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Due to its highly isomerized nature, Sasol IPK is one of the more distinct fuels tested to date.
Although some of its fuel properties tend to lie at the extremes of what might be considered a
typical aviation fuel, none of the differences appear excessive relative to other HRJ/SPK.

The testing of R-8 done to date confirms that it has every characteristic of a suitable HRJ SPK
and compares favorably to other types of SPKs. Based on these favorable results, complete fit-
for-purpose testing on an R-8/Jet A blend was recommended. This would provide the ASTM
HRJ SPK task force with the information it needs to complete the approval process and assuage
the fears of waste oils (FOG) as a potential feedstock source. Subsequent testing of an R-8/Jet A
blend continued to show favorable results. Two particular results stood out from the testing.

First, two independent labs — one that performs the UEL/LEL testing and one that performs the
minimum ignition energy testing — each observed that the fuel did not reach complete
vaporization at 100°C. This had also been observed in 2009 with the neat R-8. All other fuels
tested at 100°C showed no signs of condensation.  This doesn’t appear to affect
combustion-related properties such as heat of combustion and IQT but further investigation may
be warranted.

Second, some additive separation (FSII and part of the additive cocktail) was initially seen when
added to R-8/Jet A at the 4X treat rate. A subsequent re-blending of the sample showed no
separation. Although this may be attributable to insufficient blending, it demonstrated the need to
blend thoroughly. Splash blending should certainly be avoided.

The work conducted on R-8x, an HRJ SPK of halophyte origin, was preliminary due to limited
availability of the fuel. Although there were a few issues in testing, namely thermal stability, this
is likely attributable to the finishing process or handling of the sample. In all other regards, it
proves that it is feasible to produce an HRJ SPK from organic fats and oils regardless of the
source.

Having been demonstrated to be flight worthy, the Boeing Flight Fuels have already achieved a
high level of success. These fuels, all based on biomass sources, showed no outward signs of
unusual behavior.

The neat camelina fuel did exhibit some unusual properties relative to the other fuels. The
predominant differences were its low density, low viscosity, low boiling point distribution, and
high vapor pressure. However, as a Camelina/JP-8 blend, many of these characteristics were
suppressed and the fuel disappeared among the other HRJ SPK blends.

The most unusual characteristic of the Tallow/JP-8 blend was its affinity for water especially at
high temperature. This was verified several times. In addition, similar to the R-8 / Jet A, the
Tallow / JP-8 showed signs of additive separation when tested at the 4X treat rate. Like the R-8
blend, the FSII and the additive cocktail seemed to have the most problems staying in solution. A
re-blend of this sample showed no improvement. Further investigation is likely necessary.

44
Approved for public release; distribution unlimited.



6.0 Recommendations

The need to expand aviation fuel testing to include fit-for-purpose tests has identified several
shortcomings in the methods currently suggested. The problems include undocumented
procedures, non-standard practices, impractical procedures, and limited availability of labs to
perform the procedures. Below, we will outline some issues that have been encountered and
some recommendations for future development.

6.1 Comparative Data

In hind-sight, one major shortcoming was the lack of comparative Jet A data. Throughout this
entire effort, no one single Jet A was subjected to all of the fit-for-purpose tests. Much too late,
we found that the historical data that exists may not be representative or is too general for
practical use (multiple fuel types represented by one curve). For many of the new methods that
were investigated, at least one Jet A was typically run for comparison. For the common
specification tests, general experience may serve as a guide. Nevertheless, care should be taken
in the future to have at least one petroleum-based Jet A for comparison.

Additionally, many of the new methods being utilized have no min/max or pass/fail criteria. In
some cases, the data that does exist is old or was acquired by questionable means. This makes it
difficult to determine whether the data for candidate fuels falls within a reasonable range. One
suggestion would be to seek input from the OEMSs to better define their tolerance levels for
certain properties based on the operation of their equipment.

6.2 Bulk Modulus

In this effort, the isothermal tangent bulk modulus of the fuels was determined by ASTM D6793
which uses classical P-V-T measurements. From the literature, the preferred approach is to
determine isentropic (a.k.a. adiabatic) bulk modulus from speed-of-sound measurements. Based
on some preliminary speed-of-sound measurements performed at SWRI we have concluded that
our isothermal bulk modulus values are biased high. Despite on-going attempts to isolate and
correct the problem we have been generally unsuccessful.

Since isentropic bulk modulus is preferred, future samples should be evaluated that way.
Samples would need to be evaluated as a function of both temperature and pressure. To our
knowledge, no commercial solutions exist for this purpose. To that end, SWRI currently has a
project underway with the U.S. Army to build and deliver a bulk modulus rig based on speed of
sound that can operate up to 100°C and 30,000 psi. The primary application for the Army is the
high-pressure common rail fuel system but this should certainly meet aviation fuel requirements
as well. SwRI intends to duplicate this test rig for its own in-house testing. A study should be
performed on a wide range of aviation fuels to form a baseline for future comparison.

6.3 Dielectric Constant

To measure dielectric constant, SWRI is currently using a k-cell on loan from Goodrich Sensors
and Integrated Systems. This k-cell is one of only a few in existence. An alternative cell is
needed to replace these aging k-cells. Goodrich is currently working toward a new design for a
k-cell that they can produce and sell. When that design is finalized, SwRI intends to acquire one
to support its aviation fuel testing. While we still have the Goodrich k-cell in-hand, a
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comparative study between the two cells should be performed. In addition, a standardized
procedure needs to be develop for measuring dielectric constants of aviation fuel.

6.4  Fuel/Water Separation

Although ASTM D4054 mandates the use of API/EI 1581, this test is generally impractical for
pre-production runs of candidate fuels. In addition, there are only a few labs in the world that run
this test. Therefore, an alternative method is needed to pre-screen candidate fuels for early signs
of fuel/water separation issues. In this effort, we proposed to use SAE J1488 as an alternative
method which requires approximately 200-L of fuel (previous tests required 50-L but the method
has been recently updated). The goal of this method is to determine the water removal efficiency
of a given test filter. However, by standardizing on a “known-good” filter (the M1A1 filter in
this case), we can also test candidate fuels. There are several aspects of this test, such as water
content, water measurement, and overall procedure that could be modified to make it more
similar to the API/EI test. This investigation could form the basis of a study to create a more
affordable and practical alternative

6.5 Material Compatibility

Material compatibility poses a significant challenge. The high cost of testing and limited
availability of specific materials can make it difficult to perform on each new candidate fuel.
Although various groups have performed this testing, a common problem seems to be the lack of
standardization with regard to materials. While most everyone will include nitrile, viton, and
fluorosilicone elastomers, the source of these materials varies by lab. Since the composition and
manufacturing process of the elastomers will vary between manufacturers and even lot-to-lot, this
creates an issue with generating comparative numbers from lab-to-lab. Some consideration
should be given to this and perhaps find a means to standardize the materials. For instance, o-
ring testing seems to be a common practice. Perhaps a common source of o-ring can be identified
and a procedure written specifically around testing that material. Material compatibility under
dynamic conditions should also be further investigated. SwRI’s Dynamic Seal Tester allows o-
rings to be tested in an environment that simulates axial stress and high temperature.

The effect of switch-loading fuels is also very important and can apply to both static and dynamic
material compatibility tests. This will become especially critical in the field where fuels of
varying composition may be encountered once synthetic fuels become more widely available.
The lack of aromatics in synthetic fuels and even the low levels of aromatics in 50/50 blends have
been shown to effect elastomer seals upon switching from a petroleum-derived fuel source (and
vice versa). The effect of switch-loading should be incorporated as an element of the material
compatibility tests.
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8.0 Acronyms

Acronym Description
pm micrometer

AA atomic absorption

ANZ Air New Zealand

BOCLE ball-on-cylinder lubricity evaluator
BTU British Thermal Unit

°C Celsius

CAL Continental Airlines

Cl/LI Corrosion Inhibitor/Lubricity Improver
cSt centistokes

DCN derived cetane number

EPA Environmental Protection Agency
°F Fahrenheit

FFP fit-for-purpose

FT Fischer-Tropsch

FTM Federal Test Method

g gram

GTL gas to liquid

HEFA Hydroprocessed Esters and Fatty Acids
HFRR high frequency reciprocating rig
HRJ hydroprocessed renewable jet
HRJ8 50/50 blend of HRJ/Jet A containing JP-8 additives
Hz hertz

ID ignition delay

IPK iso-paraffinic kerosene

Q™ Ignition Quality Tester

JAL Japan Airlines

JFTOT Jet Fuel Thermal Oxidation Tester
K Kelvin

kg kilogram

kHz kilohertz

kJ kilojoule

kPa kilopascal

L liter

Ib pound

LEL lower explosion limit

Ipm liters per minute

m meter

mg milligram

MJ megajoule

m)J millijoule

mL milliliter

mm millimeter

mN millinewton

MPa megapascal

ms millisecond

NMR nuclear magnetic resonance

ppb part per billion
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Acronym Description

ppm part per million

psi(a org) | pounds per square inch (absolute or gauge)

SAE Society of Automotive Engineers

SDA static dissipator additive

SPK synthetic paraffinic kerosene

TWA WRE | time-weighted average water removal efficiency
UEL upper explosion limit

AW watts
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Appendix A

Sasol IPK Data
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Table A-1. Results for Sasol FT-IPK

SwRI Sample Code CL09-00268
. Sasol FT-IPK
Test Method Units (POSF5642)
Surface tension D1331A
-10°C mN/m 253
23°C mN/m 21.3
40°C mN/m 20.3
UFTOT Breakpoint D3241BP
Test Temperature °C >340
ASTM Code rating >2
Maximum Pressure Drop, mm Hg 0.1
UFTOT deposit thickness D3241BP
260°C nm 16.21
280°C nm 20.00
300°C nm 23.67
320°C nm 28.63
340°C nm 34.40
Density D4052
0°C g/mL 0.7719
15°C g/mL 0.7609
40°C g/mL 0.7422
60°C g/mL 0.7276
80°C g/mL 0.7121
Kinematic Viscosity D445
-20°C cSt 3.44
0°C cSt 2.14
40°C cSt 1.17
100°C cSt 0.62
\Vapor Pressure D6378
0°C psia 0.18
10°C psia 0.22
20°C psia 0.26
30°C psia 0.30
40°C psia 0.36
50°C psia 0.45
60°C psia 0.59
70°C psia 0.80
80°C psia 1.08
90°C psia 1.49
100°C psia 2.05
110°C psia 2.79
120°C psia 3.80
Pour Point D5949 °C <-79.2
Isothermal Tangent Bulk Modulus, 30°C D6793
0 psig psig 182391
1000 psig psig 192990
2000 psig| psig 203885
3000 psig| psig 215077
4000 psig| psig 226565
5000 psig psig 238351
6000 psig| psig 250432
7000 psig| psig 262811
8000 psig| psig 275486
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Table A-1. Results for Sasol FT-IPK

SwRI Sample Code CL09-00268
. Sasol FT-IPK
Test Method Units (POSF5642)
9000 psig| psig 288458
10000 psig| psig 301726
Isothermal Tangent Bulk Modulus, 60°C D6793
0 psig psig 148982
1000 psig psig 160703
2000 psig| psig 172865
3000 psig| psig 185467
4000 psig| psig 198509
5000 psig| psig 211992
6000 psig| psig 225916
7000 psig| psig 240280
8000 psig| psig 255085
9000 psig| psig 270330
10000 psig| psig 286016
Elemental Analysis D7111
Al ppm <100ppb
Ba ppm <100ppb
Ca ppm <100ppb
Crl ppm <100ppb
Cu ppm <100ppb
Fe ppm <100ppb
Li ppm <100ppb
Pb ppm <100ppb
Mg ppm <100ppb
Mn ppm <100ppb
Mo| ppm <100ppb
Ni ppm <100ppb
K ppm <1
Na ppm 1.30
Si ppm <100ppb
Ag ppm <100ppb
Ti ppm <100ppb
V] ppm <100ppb
n ppm <100ppb
Specific Heat Capacity E2716 kl/kg.K Table 3
Minimum Ignition Energy E582 m)J 0.51
Autoignition temperature E659
Hot Flame Autoignition Temperature °C 247
Hot Flame Lag Time| seconds 19.0
Cool Flame Autoignition Temperature °C -
Cool Flame Lag Time seconds -
Barometric Pressure mm Hg 741
Reaction Threshold Temperature °C 217
Upper Explosion Limit (UEL), @100°C E681 % 5.40
Lower Explosion Limit (LEL), @100°C E681 % 0.40
Hot Surface Ignition Temperature FTM 791-6053 °F 1250
Removal of Emulsified Water SAE J1488 TWA WRE ** 100%
See Table A-2
Dielectric Constant (400Hz) SwRI
-36°C - 2.10
-20°C - 2.07
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Table A-1. Results for Sasol FT-IPK

SwRI Sample Code CL09-00268
. Sasol FT-IPK
Test Method Units (POSF5642)
2°C - 2.05
37°C - 2.01
50°C - 1.99
60°C - 1.99
72°C -- 1.97
78°C -- 1.97
[Thermal Conductivity SwRI
0°C W/m.K 0.0908
25°C W/m.K 0.0897
50°C W/m.K 0.0886
Ignition Quality Test (1QT) D6890
Ignition Delay, ID| ms 6.9
Derived Cetane Number, DCN -- 31.28
Cetane Number D613 - 25.40

* TWA WRE = Time Weighted Average Water Removal Efficiency
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Table A-2. SAE J1488 Results for Sasol FT-IPK (POSF5642)

Test Description SAE J1488 Test No #1

Test Engineer Gary Bessee Filter ID M1

Test Fluid Sasol IPK (CL0O9-00268)(Test Date 7/15/2009

Vacuum / Pressure Pressure Test o |26.6

Temperature, °C

Test Fluid Flow Rate (Ipm) 7.6 Water Saturation |74.50

Fuel/Water Interfacial Tension (mN/m)

Before 38.68

MSEP

Before 99

Downstream Water Wa.ter
Test Time Upstream Content (ppm) Pressure | Drained
Sample ID . Drop [from Test
(minutes) (ppm) .
Measured | Adjusted (iPa) Filter
(mL)

1 10 508.3 113.70 39 9.61 0
2 30 2820 139.70 65 10 52
3 50 2480 81.02 7 10.22 440
4 70 2260 49.46 0 11.1 320
5 90 2850 37.69 0 11.2 480
6 110 3270 31.47 0 11.39 570
7 130 3190 24.59 0 11.34 385
8 150 1800 63.79 0 11.39 380

Average Water Content, ppm 2397

Time Welghtce'd Average Water 100%

Removal Efficiency (%)

Total Water from Test Housing (mL) 2627

Water from Cleanup Filters (mL) 0
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Appendix B

R-8 Report
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Executive Summary

Syntroleum® R-8 Hydroprocessed Renewable Jet (HRJ) Synthetic Paraffinic Kerosene (SPK) is a
jet fuel blending material made from waste fats, oils and grease (commonly called FOG). While
some of this raw material is being used in the production of biodiesel, much of it is too
contaminated for those, typically, low tech processes. Syntroleum has devised a process suitable
for industrial scaling that removes the impurities and prepares it for the hydroprocessing
necessary to make HRJ SPK.

This program is a follow on to previous work (“Research of Renewable IPK Alternative Jet Fuel”
SwWRI Project No. 13283) where we explored some of the most critical properties of the neat
material. That work was very satisfactory, showing R-8 to be fully compatible with similar
properties to other synthetic paraffinic kerosines (SPK), both from Fischer-Tropsch (FT) and
from hydroprocessed fats and oils (HRJ). Based on that work, SwRI recommended continuing on
to a full analysis of R-8 as a blend stock.

The agreed upon program continued the work to cover finishing the Fit-for-Purpose (FFP)
analysis of the neat material and to do selected blend studies with specification jet fuel. The
results of this work showed that R-8 is entirely normal in comparison to SPKs as a class. Parts of
the data are being shared with the industry by AFRL, the ultimate client, and in feedback there
was a question of source purity. A short analysis of that issue was conducted and it showed it
would not be possible to make HRJ SPK without sufficient purification.

Based on the cumulative work, R-8 shows every characteristic of a suitable HRJ SPK. The final
proof will be doing the complete FFP evaluation of R-8 blended into fuel compliant with ASTM
D7566 and/or MIL-STD-83133F. This evaluation should provide the needed animal/waste fat and
oil data to fill in the needed data for the HRJ SPK Task Force and to lay to rest the issue of FOG
as a source. SWRI therefore recommends moving forward with this project and doing the
complete blend analysis.
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1.0 Objective

The object of this program is to finish the evaluation of the neat R-8 started in a previous program
and to do selected tests with blends thereof. The data from this program will be used in support of
the program to add synthetic paraffinic kerosine from hydroprocessed fats and oils (HRJ SPK) to
ASTM D7566, the Standard Specification for Aviation Turbine Fuel Containing Synthetic
Hydrocarbons.

2.0 Background

In the final report for Southwest Research Institute® Project No. 08.13283.01.001, “Research of
Renewable IPK Alternative Jet Fuel” we stated that, overall, the R-8 looks like a very good SPK
candidate, despite the anticipated poor lubricity. That was seen early in the previous test program,
and we recommended moving forward with the complete analysis of the Fit-for-Purpose (FFP)
properties of the R-8 and blends thereof. The aviation industry, in general has seen enough data
on synthetic kerosines from hydroprocessed renewable feedstocks (HRJ SPK) to preliminarily
assess that a test program similar to that done for the FT SPKs would be the next step for HRJ
SPK like R-8. Rather than finish all of the FFP properties for the neat R-8 and then do the
complete FFP series on the blended fuel the decision was made to do the former and a selected
subset of the latter. The R-8 data will provide a valuable link into generating a collective approval
for renewable kerosine blend stocks.

3.0 Samples

SwRI was provided with three drums of R-8 material for use in the testing program as part of the
previous program (noted above). The two drums used for the pump testing were directed to a new
pump test effort. There was sufficient R-8 available for the tests in this program.

The neat R-8 (Lot 1) was assigned SwRI sample number CL09-00324. SwRI prepared a 50/50
blend of the R-8 with a Jet A, meeting the ASTM D1655 specification. The R-8 / Jet A blend was
assigned SwRI sample number CL09-00325.

4.0 Analysis
(The R-8 test results can be found in Table B1-1.)
4.1 R-8 as a HRJ SPK

ASTM is pushing forward on the development of a specification allowance for aviation kerosine
derived from hydroprocessed fats and oils (HRJ SPK). The data generated at SwRI on the R-8 is a
key component of the data analysis going into the research report being put together by the HRJ
Task Force under the ASTM D.02.J.06 Emerging Turbine Fuels Section of the Aviation Fuel
Subcommittee, chaired by George Wilson (SwRI). The preliminary draft of this report was passed
to the OEM community in the first week of December 20009.

During the recent ASTM meeting, December 7-11, 2009, a question was raised about the source
of the potential fats and oils. The questioner wanted assurance that this process would not allow
the use of ‘dirty’ fats and oils like those from grease traps or sewage skimmers. It was pointed out
that one of the subject HRJ SPKs (R-8, unnamed) was made from yellow grease but that did not
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seem to equate to his mind. We believe that the level of purity required by the D7566 SPK
requirements would make the ultimate source immaterial. (However, we followed up on this issue
and it will be discussed in the next section.) Additional discussion on the sourcing of the grease
used for the R-8 process may be beneficial for the goal of getting the OEM approval for HRJ
SPK. While R-8 is being used as an HRJ SPK example in the report, the fact that there are source
questions argues in favor of moving on to full blend testing.

With the delivery of the preliminary research report to the OEMs the approval process for HRJ
SPK has entered the critical stage. Based on the FT-SPK experience and additions thereto, we
feel the chemistry work is well in hand. However, just as there was in the FT process, the OEMs
may well require additional testing. The OEMs too have testing in the works that will be a key
component to HRJ SPK. Each one has specific engine and component testing they need
completed before they will approve the new category. They consider the existing flight test data
as sign of customer interest and commitment but not specifically material to their issues.

Assuming all the participants delivered all the key laboratory data and the OEMs finish their
work in reasonably short order, ASTM should be able to move the report and the revised wording
for D7566 to ballot this year. With the ASTM consensus process it is likely the first pass will
have negatives to resolve. Regardless, there is a reasonable chance that this specification will be
modified by the end of 2010.

4.2 From Bad to Good — Turning Waste into Kerosine

We had been provided with a general background on the Syntroleum production of the R-8 and
the fact that it consisted primarily of yellow grease. We requested, and UTC kindly provided, the
production report on R-8 (from Subcontract: 07-S530-0042-06-C1). In fact, it proved that the R-8
starting material was a diverse mixture of what the waste industry calls FOG, for fats, oils and
grease. Cleaning this material as a prelude to the hydrotreating process is a requirement. Quoting
from the report: “Pretreatment of Fats, Oils and Greases (FOG) is required to reduce the solids
contaminant load on the downstream HDO reactor. Contaminants include animal solids, rust
particles, and solubilized metals. If not removed, these will deposit in the fixed bed reactors
causing excessive pressure drop across the catalyst bed and catalyst activity decrease.”

The FOG mixture is described in Table B-:

Table B-1. Make-up of FOG Blends

FOG Blend Components Component Mass%
Poultry Fat 46
Yellow Grease 18
Brown Grease 18
Floatation Grease 9
Prepared Foods 9

It is not stated but from previous discussions we may assume this is a representative recipe for the
available waste FOG materials. The ‘Floatation Grease’ is most likely to be representative of
material collected from sewage skimmers. ‘Brown Grease’ would be the kind of materials
collected from grease traps. So the FOG blend has a significant amount of bad material in it to
start.
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The report goes on to detail the efforts made to clean this material sufficiently to be able to start
the hydroprocessing effort. It even includes a description of a unique cleaning process that goes
beyond the normal washing recommendations. (The process may be Syntroleum IP so we will
leave it undefined). They even provided a unique illustration of the change in the material from
FOG to Petroleum Wax to HRJ SPK: (see Figure B-1).

HDO
n-paraffin
!

Figure B-1. FOG Blend Processing

The important point is that if anyone wants to process FOG there will be significant cleaning
required before it can even start the conversion process. According to the Syntroleum report there
is even a pre-treatment catalyst to remove the remaining metals before starting into the
hydroprocessing.

The data so far shows there are no issues with the R-8 as an HRJ SPK so it seems the process
sufficiently isolates the resulting material from its humble origins. Regardless the question of
origin argues for completing the blend studies as we recommend.

4.3 Pump Wear Testing

In the first round of R-8 testing, we ran the standard U.S. Army test for pump wear and found, as
expected, the neat material, based on the raw BOCLE value, to have severe wear characteristics.
In this round of testing a separate program was organized to continue that study with additized
neat and blended (with JP-8) R-8. The results are reported separately in SwRI Report “R8 Rotary
Fuel Injection Pump Wear Testing” (SwRI Project No. 14406.03) but a short discussion is
pertinent to the suitability discussion.

For the tests with the lubricity additive present, the neat R-8 and R-8 / JP-8 passed the full test
duration. This is strong evidence that the standard military CI/LI materials approved in
QPL25017 are still as good at providing lubricity protection with synthetic jet fuel as with refined
jet fuel. There were some flow anomalies with the additized neat material but not outside of the
limits of the test. They may well be due to the density and viscosity of the base R-8 (Table B1-1).
While the admixtures of dimer / trimer linoleic acid have proven reasonably successful in
providing lubricity for jet fuel they do not work well for #2 Diesel, of which the U.S. Army
consumes a significant amount.
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4.4 A Noteonthe R-8 / Jet A Blend

We found that the Jet A that was used to make the 50/50 R-8 / Jet A blend had some unusual
properties (high flash point and low freeze point). This fuel is purchased in bulk from a local
refinery and still meets the D1655 specification. To verify that the R-8 blend behaves as expected
with a typical Jet A, we made an additional test blend and re-tested the flash point and freeze
point. The results are reported in Table B-2.

Table B-2. Results for R-8 Blend with an Alternative Jet A

SwRI Sample Code CL09-00984 CL09-00980
Test Method | Units | Clay-Treated S
JetA R-8 /CT JetA
Freeze Point (manual) D2386 °C -48.0 -47.4
Freeze Point D5972 °C -46.6 -48.1
Flash Point - Pensky-Martens Closed Cup D93 °C 38.5 42.5

While the data generated with the original blend (Table B1-1) and the re-tests (Table B-2) appear
satisfactory, we recommend that these be repeated in the follow-on effort to do all of the blended
fuel FFP testing.

5.0 Summary and Recommendations

The neat R-8 has satisfactory characteristics as an HRJ SPK blending material in all aspects. The
limited blend testing conducted in this program suggested that any resulting blend would be just
as satisfactory. In line with the interest of using this material as one of key justifications in
approving the inclusion of HRJ SPK in D7566 and the questions regarding its humble origin we
are recommending that the complete FFP protocol, including Table 1 data for the jet fuel and the
resulting blend, be conducted on a fresh sample of R-8.
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Appendix B1

R-8 HRJ SPK Data
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Table B1-1. Results for R-8 HRJ SPK

CLO9-
SwRI Sample Code CL09-00324 00325
50/50
Test Method Units R-8 HRJ SPK R-8/
Jet-A
Surface tension D1331A
-10°C mN/m 26.8 -
23°C mN/m 24.4 --
40°C mN/m 23.0 -
Freeze Point (manual) D2386 °C -49.0 --
Hydrocarbon Types by Mass Spec D2425
Paraffins mass% 90.20 -
Monocycloparaffins mass% 8.90 --
Dicycloparaffins mass% 0.00 --
Tricycloparaffins mass% 0.00 --
Alkylbenzenes| mass% 0.90 --
Electrical Conductivity vs. SDA Concentration (Stadis D2624
450)
0 mg/L pS/m 10 0
1 mg/U pS/m 320 300
2 mg/L pS/m 580 590
3 mg/L pS/m 1690 830
4 mg/U pS/m 3200 1050
Copper by AA D3237M ppm 0.013 --
UFTOT Breakpoint D3241BP
Test Temperature °C >340 --
ASTM Code rating >2 --
Maximum Pressure Drop mm Hg 0.1 --
UFTOT deposit thickness D3241BP
280°C nm 15.52 -
300°C nm 19.26 -
320°C nm 20.77 -
330°C nm 21.67 -
340°C nm 24.36 -
Acid Number D3242 me 0.004 -
KOH/g
Storage Stability - Peroxides @65°C D3703
0 week mg/kg 3.2 -
1 week mg/kg 5.6 -
2 week mg/kg 7.2 -
3 week mg/kg 1.6 -
6 weekl mg/kg 6.7 -
Density D4052
0°C g/mL 0.7742 0.7984
15°C g/mL 0.7632 0.7872
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Table B1-1. Results for R-8 HRJ SPK

CL09-
SwWRI Sample Code CL09-00324 00325
50/50
Test Method Units R-8 HRJ SPK R-8/
Jet-A
40°C g/mL 0.7449 0.7685
60°C] g/mL 0.7322 0.7564
80°C g/mL 0.7182 0.7424
Kinematic Viscosity D445
-40°C] cSt 12.59 11.29
20°C cSt 2.30 2.11
40°C cSt 1.49 1.45
Nitrogen Content D4629 mg/kg 0.10 -
Lubricity (BOCLE) vs. CI/LI Concentration (DCI-4A) D5001
0 mg/L mm 0.90 --
5 mg/L mm 0.59 --
10 mg/L mm 0.57 --
15 mg/L] mm 0.54 --
20 mg/L mm 0.54 --
Vapor Pressure (Triple Expansion) D6378
0°C psig 0.16 0.22
10°C psig 0.20 0.26
20°C psig 0.24 0.31
30°C psig 0.27 0.36
40°C psig 0.32 0.47
50°C psig 0.39 0.55
60°C] psig 0.50 0.69
70°C psig 0.65 0.88
80°C psig 0.87 1.14
90°C psig 1.17 1.51
100°C psig 1.58 1.98
110°C psig 2.12 2.60
120°C psig 2.87 3.45
Carbon/Hydrogen D5291
Carbon % 86.32 -
Hydrogen % 14.12 --
Storage Stability — Potential Gums D5304
16 hours me/ 1Loom 0.40 -
Freeze Point D5972 °C -49.1 -57.8
Isothermal Tangent Bulk Modulus, 30°C D6793
0 psig| psig 193859 --
1000 psig psig 203786 --
2000 psig psig 213958 --
3000 psig psig 224376 --
4000 psig psig 235039 --
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Table B1-1. Results for R-8 HRJ SPK

CLO9-
SwWRI Sample Code CL09-00324 00325
50/50
Test Method Units R-8 HRJ SPK R-8/
Jet-A
5000 psig| psig 245948 --
6000 psig| psig 257102 --
7000 psig| psig 268501 --
8000 psig psig 280146 --
9000 psig psig 292036 --
10000 psig| psig 304171 --
Isothermal Tangent Bulk Modulus, 60°C D6793
0 psig| psig 165137 --
1000 psig psig 175779 --
2000 psig| psig 186750 --
3000 psig| psig 198051 --
4000 psig psig 209680 --
5000 psig| psig 221640 --
6000 psig psig 233928 --
7000 psig psig 246546 --
8000 psig psig 259493 --
9000 psig psig 272770 --
10000 psig psig 286375 --
Elemental Analysis D7111
Al ppb 101 --
Ba ppb <100 --
Ca ppb <100 --
Cr ppb <100 --
Cu ppb <100 --
Fe ppb <100 --
Li ppb <100 --
Pb| ppb <100 --
Mg ppb <100 --
Mn ppb <100 --
Mo ppb <100 --
Ni ppb <100 --
Ki ppm <1 --
Na ppm 1.3 --
Si ppb <100 --
Ag ppb <100 --
Ti ppb <100 --
V] ppb <100 --
Zn ppb <100 --
Distillation D86
IBP °C 156.4 --
5% °C 171.7 -
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Table B1-1. Results for R-8 HRJ SPK

CLO9-
SwWRI Sample Code CL09-00324 00325
50/50
Test Method Units R-8 HRJ SPK R-8/
Jet-A
10% °C 177.7 -
15% °C 181.8 -
20% °C 188.3 -
30% °C 196.8 -
40% °C 207.1 -
50% °C 217.5 -
60% °C 227.7 -
70% °C 238.7 -
80% °C 250.5 --
90% °C 263.0 --
95% °C 270.9 --
FBP °C 273.9 --
Residue| % 1.5 -
Loss % 1.3 --
Distillation Slope D86
T50-T10 °C 39.8 -
T90-T10 °C 85.3 -
Calculated Cetane Index D976 -- 67.2 --
D4737 Proc
Calculated Cetane Index A - 72.4 -
Cp=
*
Specific Heat Capacity E2716 Cp = 0.0039*T + 1.9243 O'O_PT
1.9145
-30°C] kl/kg.K 1.808 1.804
0°C klJ/kg.K 1.924 1.915
50°C klJ/kg.K 2.118 2.099
100°C kJ/kg.K 2.312 2.284
150°C kJ/kg.K 2.505 2.468
Minimum Ignition Energy E582 m)J 0.63 --
/Autoignition temperature E659
Hot Flame Autoignition Temperature °C 222 227
Hot Flame Lag Time seconds 6.0 163.0
Cool Flame Autoignition Temperature °C -- 224
Cool Flame Lag Time| seconds -- 216.0
Barometric Pressure| mm Hg 740.3 736.4
Reaction Threshold Temperature °C 201 213
Upper Explosion Limit (UEL), @150°C E681 % 4.3 --
Lower Explosion Limit (LEL) E681
@100°C % 0.4 -
@ 150°C] % 0.3 -
Carbonyls, Alcohols, Esters, Phenols
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Table B1-1. Results for R-8 HRJ SPK

CL09-
SwWRI Sample Code CL09-00324 00325
50/50
Test Method Units R-8 HRJ SPK R-8/
Jet-A
Alcohols| EPA 8015B ppm <5 --
Carbonyls, Esters| EPA 8260B ppb <1 --
Phenols| EPA 8270C ppm <50 --
N FTM 791- R
Hot surface ignition 6053 F 1250 --
See Figure B1-1 ,Figure B1-2,
Elastomer Compatibility (O-Ring Tests) various - and -
Figure B1-3
Dielectric Constant (400Hz) SWRI
-31.2°C - 2.0894 --
-20.1°C - 2.0760 --
-4°C - 2.0562 -
17.9°C - 2.0299 --
49.2°C - 1.9946 -
81°C - 1.9578 -
Dielectric Constant (400Hz) SwRI
-37.9°C - -- 2.1512
-18°C] - -- 2.1244
1.2°C - -- 2.0992
20.2°C - -- 2.0743
50.8°C - -- 2.0374
81°C - -- 1.9999
Thermal Conductivity SwRI
0°C W/m.K 0.1100 0.1057
25°C W/m.K 0.1080 0.1025
50°C W/m.K 0.1059 0.0994
Aromatic Content D5186
Total Aromatics mass% 1.0 --
Mononuclear Aromatics| mass% 0.9 --
Polynuclear Aromatics| mass% 0.1 --
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Figure B1-1. O-Ring Volume Change — R-8
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71
Approved for public release; distribution unlimited.




3000

2500

2000

1500

Tensile Strength, psi

1000

500

X Unsoaked Replicates
@ Unsoaked Average

X Fuel Replicates

B Fuel Average
¥
x
X
X
X
¥
%
[
§ x
X
x
Fluorosilicone Nitrile Viton
O-Ring Type

Error Bar = +1 Std Dev

Figure B1-3. O-Ring Tensile Strength — R-8

72

Approved for public release; distribution unlimited.




Appendix C

R-8x Report
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Executive Summary

Syntroleum® R-8X HRJ SPK (synthetic paraffinic kerosine derived from hydroprocessed fats and
oils) is a jet fuel blending material made from oil produced from halophytes. Halophytes are
plants that grow in high salinity with brackish water. There are significant international efforts to
develop these plants as energy sources in order to utilize otherwise unproductive coastal lands.
Halophytes potentially can provide both oil and cellulosic feed stocks for conversion. R-8X is an
example of a potential product.

R-8X was produced in limited quantities using the same process used to produce Syntroleum R-8,
a HRJ SPK derived from waste fats, oils and greases. With a limited quantity available SwRI was
only able to do a selected subset of the tests required to establish Fit-for-Purpose (FFP). The
results for most of the tests were essentially the same as for R-8, with the minor variation likely
due to the differences in the feedstock fatty acid distribution.

The only failure was in Thermal Stability, ASTM D3241. A properly prepared HRJ SPK should
have a minimum breakpoint of 325°C. This particular sample failed at the blended fuel
specification requirement of 260°C. The SwRI review of the data, the nature of the failure and a
comparison with results from the R-8 sample produced by the same process suggests this was just
a process finishing or sampling issue.

Based on the limited data available it appears that it would be possible to make a suitable HRJ
SPK from oil derived from halophytes. This is consistent with the existing data that indicates that
the hydroprocessing of organic fats and oils produces high quality SPK regardless of the source.
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1.0 Objective

The objective of this task was to do a selected set of analyses on a limited amount of R-8X to get
a reasonable impression of how this material would work as a Hydroprocessed Renewable Jet
(HRJ) Synthetic Paraffinic Kerosene (SPK).

2.0 Background

At the end of the program to make R-8, Syntroleum was asked to make a modest batch of SPK
from halophyte oil. This produced a very limited quantity of prototypical HRJ SPK. SwRI was
asked to propose a program that would do as much of the Fit-for-Purpose (FFP) testing as
possible with two gallons of fuel.

3.0 Samples

SwRI was provided with approximately 10 liters of R-8X SPK from AFRL. The sample was
identified as POSF5470 and assigned SwRI sample number CL09-00636.

4.0 Summary and Conclusions

(The R-8X test results can be found in Appendix Table C1-2.)

For the tests conducted, R-8X looked pretty much like a typical HRJ SPK. There was an issue
with the D3241 Thermal Stability test however as it failed in SwRI testing.

The D3241 Breakpoint for an HRJ SPK is expected to be at least 325°C. With the limited
guantity of R-8X, SwRI recommended only testing at the common fuel limit of 260°C. In SwRI
testing, the R-8X failed with a rating of 2A (A = Abnormal). The Abnormal rating is not
uncommon as a source of D3241 failures in the fuel distribution system and is often associated
with a cleanliness issue. It is also a very subjective rating and the same deposit can be seen as
‘Normal’ by other raters. (AFRL ran the same test at 260°C and passed the test.) In general we
feel this was just a ‘finishing’ issue driven by a limited amount of material being processed. With
the rest of the data showing very normal results we suspect a full batch of product would have no
trouble reaching the minimum 325°C breakpoint required for SPK.

Based on the limited results of tests conducted with the R-8X sample provided, we see no issue in
generating a suitable HRJ SPK from halophytes. This is another point of information that
reinforces the general proposition that HRJ SPK can be made from any source of organic fats and
oils. It is recommended, if sufficient sample remains, that 3 liters of this material be clay treated
and subjected to Breakpoint analysis.
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Appendix C1

Data
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Table C1-2. Results for R-8x (POSF5470)

SwRI Sample Code CL09-00636
. R-8x
Test Method Units (POSF 5470)
\Water Reaction D1094
Aqueous layer volume change mL 1.0
Interface Rating rating 1
Degree of Separation rating 1
Copper Strip Corrosion (2 hrs @ 100°C) D130 rating 1A
Aromatic Content D1319
Aromatics vol% 0.7
Olefins vol% 0.5
Saturates| vol% 98.80
Smoke Point D1322 mm 41.0
Surface tension D1331A
-10°C mN/m 26.1
22°C mN/m 23.8
40°C mN/m 22.3
Saybolt Color D156 rating +30
Naphthalene Content D1840 vol% 0.33
Freeze Point (manual) D2386 °C -56.0
Hydrocarbon Types by Mass Spec D2425
Paraffins mass% 87.9
Monocycloparaffins mass% 11.2
Dicycloparaffins mass% 0.0
Tricycloparaffins| mass% 0.0
Alkylbenzenes mass% 0.9
Sulfur - Mercaptan D3227 mass% <0.0003
UFTOT D3241
Test Temperature °C 260
ASTM Code rating 2A
Maximum Pressure Drop mm Hg 0
UFTOT deposit thickness D3241
260°C nm 30.17
Acid Number D3242 |mgKOH/g 0.006
Specific Energy (calculated, sulfur corrected)] D3338 MJ/kg 44.078
Hydrogen Content (NMR) D3701 mass% 15.24
Storage Stability - Peroxides @65°C D3703
0 week mg/kg 0.0
1 week| mg/kg 5.6
2 week mg/kg 14.3
3 week mg/kg 7.2
6 week mg/kg 6.3
Existent Gums D381
Washed mg/100mL| <0.5
Unwashed mg/100mL <0.5
MSEP D3948 rating 99
Density D4052
0°C g/mL 0.7719
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Table C1-2. Results for R-8x (POSF5470)

SwRI Sample Code CL09-00636
. R-8x
Test Method Units (POSF 5470)
15°C g/mL 0.7607
40°C g/mL 0.7424
60°C g/mL 0.7276
80°C g/mL 0.7126
Kinematic Viscosity D445
-20°C cSt 5.08
0°C cSt 2.89
40°C cSt 1.34
100°C cSt 0.74
Specific Energy (calculated, sulfur corrected)| D4529 MJ/kg 44.088
Nitrogen Content D4629 mg/kg <1
Heat of Combustion D4809
BTUHeat_Gross BTU/Ib 20281.6
BTUHeat_Net BTU/Ib 18883.1
MJHeat_Gross| MJ/kg 47.18
MJHeat_Net MJ/kg 43.92
Lubricity (BOCLE) vs. CI/LI Concentration D5001
0 mg/U mm 0.94
5 mg/L mm 0.85
10 mg/L mm 0.72
15 mg/L mm 0.64
20 mg/L mm 0.60
\Vapor pressure D6378
0°C psig 0.17
10°C psig 0.20
20°C psig 0.24
30°C psig 0.28
40°C psig 0.34
50°C psig 0.41
60°C psig 0.53
70°C psig 0.71
80°C psig 0.96
90°C psig 1.30
100°C psig 1.77
110°C psig 2.37
120°C psig 3.20
Carbon/Hydrogen D5291
Carbon % 84.86
Hydrogen % 15.33
Storage Stability — Potential Gums D5304
16 hours| mg/100mL| 1
Sulfur Content - (Antek) D5453 ppm 0.6
Freeze Point D5972 °C -52.3
Aniline Point D611 °C 82.4
Isothermal Tangent Bulk Modulus, 30°C D6793
0 psig psig 186226
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Table C1-2. Results for R-8x (POSF5470)

SwRI Sample Code CL09-00636
. R-8x
Test Method Units (POSF 5470)
1000 psig psig 196986
2000 psig psig 208046
3000 psig psig 219406
4000 psig psig 231065
5000 psig psig 243024
6000 psig psig 255283
7000 psig psig 267841
8000 psig psig 280698
9000 psig psig 293856
10000 psig psig 307313
Isothermal Tangent Bulk Modulus, 60°C D6793
0 psig psig 157204
1000 psig psig 168213
2000 psig| psig 179591
3000 psig psig 191339
4000 psig psig 203456
5000 psig psig 215943
6000 psig psig 228800
7000 psig psig 242025
8000 psig psig 255621
9000 psig psig 269585
10000 psig psig 283920
Distillation D86
IBP °C 154.1
5% °C 167.1
10% °C 170.7
15% °C 175.9
20% °C 180.3
30% °C 188.6
40% °C 198.3
50% °C 208.2
60% °C 218.0
70% °C 228.3
80% °C 239.9
90% °C 253.9
95% °C 263.3
FBP °C 267.9
Residue % 1.5
Loss % 1.1
Distillation Slope D86
T50-T10 °C 37.5
T90-T10 °C 83.2
Flash Point - Pensky-Martens Closed Cup D93 °C 47
Calculated Cetane Index D976 -- 65.0
Specific Heat Capacity E1269 Cp = 0.0035*T + 1.9637
-30°C kJ/kg.K 1.860
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Table C1-2. Results for R-8x (POSF5470)

SwRI Sample Code CL09-00636
. R-8x
Test Method Units (POSF 5470)
0°C klJ/kg.K 1.964
50°C klJ/kg.K 2.136
100°C klJ/kg.K 2.309
150°C kJ/kg.K 2.482
Carbonyls, Alcohols, Esters, Phenols
AlcoholsEPA 8015Bf ppm <5
Carbonyls, EstersEPA 8260B| ppb <1
PhenolsEPA 8270C| ppm <50
IThermal Conductivity SwRI
0°C W/m.K 0.1072
25°C W/m.K 0.1062
50°C W/m.K 0.1053
Aromatic Content D5186
Total Aromatics mass% 1.1
Mononuclear Aromatics mass% 1.1
Polynuclear Aromatics mass% 0.0
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Table D-1. Results for Boeing Flight Fuels
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SwRI Sample Code CL09-0501 CL09-0502 CL09-0503 (():(I).;)g(—)
Test Method Units sjoi/: é:::d 515;/;::«1 ;g;/B?e'\:\Zd ’at"’(’l’“h;/t‘;\'gae
(POSF5674)| (POSF5675) (POSF5673)
(C;sfse; tsigzeccc)’"“io" D130 rating 1b 1b 1a -
lAromatic Content D1319
Aromatics| vol% 8.7 9.1 9.3 -
Olefins vol% 0.7 0.5 0.7 -
Saturates| vol% 90.6 90.4 90.0 -
Smoke Point D1322 mm 21 25 23 -
Surface tension D1331A
-10°C mN/m 26.8 26.6 27.0 -
22°C mN/m 24.9 24.6 24.5 -
40°C mN/m 231 223 22.6 -
Naphthalene Content D1840 vol% 1.28 0.25 0.44 -
Freeze Point (manual) D2386 °C -57.0 -59.4 -62.5 -
Hydrocarbon Types by Mass Spec D2425
Paraffins| mass% 58.1 64.50 63.5 -
Monocycloparaffins mass% 16.5 24.90 24.6 -
Dicycloparaffins mass% 11.2 0.00 0.0 -
Tricycloparaffins mass% 2.9 0.00 0.0 -
TOTAL SATURATES mass% 88.7 89.40 88.1 -
Alkylbenzenes mass% 5.3 6.40 7.3 -
Indans / Tetralins mass% 3.0 3.40 3.5 --
Indenes| mass% 0.6 0.00 0.0 -
Naphthalene| mass% 0.4 0.30 0.4 -
Naphthalene, Alkyl mass% 1.6 0.30 0.6 -
Acenaphthenes| mass% 0.2 0.10 0.0 -
Acenaphthylenes mass% 0.2 0.10 0.1 -
Tricyclic Aromatics| mass% 0.0 0.00 0.0 --
TOTAL AROMATICS mass% 11.3 10.60 11.9 -
A Concentation (Sadis 450 02624
0 mg/L] pS/m 0 0 0 -
1 mg/L pS/m 430 420 410 -
2 mg/U pS/m 820 870 730 -
3 mg/U pS/m 1170 1290 1110 -
4 mg/L pS/m 1520 1600 1440 -
Simulated Distillation D2887
IBP °C 117.2 119.9 114.8 -
5% °C 144.3 144.8 144.7 -
10% °C 150.3 152.5 152.7 -
15% °C 161.2 161.5 160.9 -
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Table D-1. Results for Boeing Flight Fuels

SwRI Sample Code CL09-0501 CL09-0502 CL09-0503 (():(I).;)g(—)
Test Method Units sjoi/: é:::d 51592/;::«1 ;g;;/B?e'\:\Zd ’a""(’l’“hez/t‘;“gae
(POSF5674)| (POSF5675) (POSF5673)

20%) °C 168.5 168.1 167.4 --

30%)| °C 182.0 177.2 175.0 --

40% ° 192.5 189.5 185.1 -

50%| ° 204.0 198.9 193.1 -

60%)| °C 215.2 209.4 203.6 -

70%| °C 227.8 219.3 213.0 --

80%)| °C 239.5 230.3 225.5 --

90%| °C 256.0 243.9 241.0 -

95% °C 265.9 255.4 255.0 --

FBP| °C 288.3 279.3 274.2 -

Sulfur - Mercaptan D3227 mass% <0.0003 <0.0003 <0.0003 -

UFTOT Breakpoint D3241BP

Test Temperature| °C 275 285 265 --

ASTM Code| rating 2 1 1 -

Maximum Pressure Drop mm Hg 0 0 0 --

Specific Energy (calculated, sulfur corrected) D3338 MJ/kg 43.55 43.64 43.63 -

Hydrogen Content (NMR) D3701 mass% 14.39 14.65 14.49 -
Storage Stability - Peroxides @65°C D3703

0 week mg/kg 5.6 7.1 6.8 -

1 week| mg/kg 0.0 0.0 0.0 -

2 week| mg/kg 1.6 0.0 0.0 -

3 week mg/kg 0.0 0.0 0.0 -

6 week| mg/kg 1.0 0.5 13 -
Existent Gums D381

Unwashed mg/100mL <1 <1 <1 --

MSEP D3948 rating 99 99 98 --
Density D4052

5°C| g/mL 0.7966 0.7872 0.7868 --

15°C g/mL 0.7891 0.7797 0.7793 -

25°C g/mL 0.7817 0.7723 0.7718 --

40°C| g/mL 0.7706 0.7613 0.7606 --

60°C| g/mL 0.7556 0.7460 0.7454 --

80°C| g/mL 0.7406 0.7309 0.7302 --
Kinematic Viscosity D445

-20°C cSt 4.56 4.27 4.18 --

0°C cSt 2.68 2.58 2.55 --

40°C cSt 1.51 1.50 1.40 --

100°C cSt 0.85 0.87 0.79 -

(Sﬁgfl':ti';;iffur corrected) D4529 Mi/kg 43.560 43.666 43.651 -
Heat of Combustion D4809
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Table D-1. Results for Boeing Flight Fuels
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SwRI Sample Code CL09-0501 CL09-0502 CL09-0503 (():(I).;)g(—)
Test Method Units sjoi/: é:::d 515;/;::«1 ;g;/B?e'\:\Zd ’at"’(’l’“h;/t‘;\'gae
(POSF5674)| (POSF5675) (POSF5673)
Heat_Gross| BTU/Ib 19927.4 20000.6 20009.2 -
Heat_Net BTU/Ib 18614.6 18661.4 18680.8 -
Heat_Gross MJ/kg 46.34 46.51 46.53 -
Heat_Net| MJ/kg 43.29 43.40 43.44 -
011 Concentration (DC1-44) 03001
0 mg/L mm 0.73 0.81 0.60 0.97
5 mg/U mm 0.62 0.68 0.63 0.78
10 mg/\ mm 0.60 0.59 0.59 0.74
15 mg/\ mm 0.58 0.54 0.59 0.68
20 mg/L mm 0.54 0.56 0.56 0.61
\Vapor Pressure D6378
0°C psia 0.18 0.16 0.21 0.17
10 °q psia 0.23 0.21 0.29 0.21
20 °C psia 0.28 0.26 0.34 0.26
30°C psia 0.32 0.29 0.38 0.31
40 °q psia 0.38 0.34 0.45 0.39
50 °C psia 0.46 0.42 0.55 0.53
60 °C psia 0.59 0.54 0.69 0.75
70°C psia 0.77 0.71 0.90 1.04
80 °C psia 1.01 0.96 1.18 1.42
90 °C psia 1.36 1.31 1.57 1.95
100 °C psia 1.84 1.78 2.10 2.64
110°Q psia 2.46 241 2.80 3.56
120 °C psia 331 3.27 3.78 5.26
Carbon/Hydrogen D5291
Carbon % 85.50 85.50 85.49 -
Hydrogen| % 14.39 14.58 14.56 -
Storage Stability — Potential Gums D5304
16 hours mg/100mL 1.0 0.7 0.5 --
Sulfur Content - (Antek) D5453 ppm 399.7 0.8 84.8 -
Flash Point - Tag Closed D56 °C 113 115 111 -
Freeze Point D5972 °C -57.0 -59.2 -63.8 --
Aniline Point D611 °C 68.3 69.3 68.4 -
\Water Content D6304
~0°C ppm 41 53 42 --
~22°C ppm 69 74 69 -
~40°C ppm 124 123 128 --
~60°C ppm 236 243 222
bl Modulus, 30° P6793
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Table D-1. Results for Boeing Flight Fuels

SwRI Sample Code CL09-0501 CL09-0502 CL09-0503 (():(I).;)g(—)
Test Method Units sjoi/: é:::d 515;/;::«1 ;g;/B?e'\:\Zd ’at"’(’l’“h;/t‘;\'gae
(POSF5674)|  (POSF5675) (POSF5673)

0 psig psig 196952 195329 194304 -
1000 psig psig 207116 205540 204364 -
2000 psig psig 217534 216008 214675 -
3000 psig psig 228204 226734 225238 -
4000 psig| psig 239128 237717 236052 -
5000 psig psig 250305 248958 247117 -
6000 psig psig 261736 260457 258434 -
7000 psig psig 273420 272213 270002 -
8000 psig| psig 285357 284227 281821 --
9000 psig| psig 297547 296499 293892 --

10000 psig] psig 309990 309028 306214 -
palk Modlun, £0°C e

0 psig| psig 168620 165633 161888 --
1000 psig psig 179125 176288 172306 -
2000 psig| psig 189945 187271 183045 -
3000 psig| psig 201080 198584 194106 -
4000 psig| psig 212529 210227 205489 -
5000 psig psig 224293 222198 217194 -
6000 psig| psig 236371 234499 229221 -
7000 psig| psig 248764 247128 241570 -
8000 psig| psig 261472 260087 254240 -
9000 psig psig 274494 273375 267232 -

10000 psig| psig 287831 286992 280546 --
Distillation D86
IBP| °C 156.6 160.4 158.0 --
5%| °C 169.5 170.9 169.0 --
10%) °C 171.3 172.5 170.5 -
15%) °C 175.1 174.4 173.0 -
20%) °C 178.8 177.5 174.2 --
30%)| °C 185.4 182.5 180.3 --
40%) °C 193.0 188.3 185.3 --
50% °C 201.3 195.1 191.4 -
60%)| °C 210.1 202.0 198.3 --
70% °C 219.2 210.1 206.0 --
80% °C 229.5 218.7 215.8 --
90%| °C 242.5 230.7 229.6 --
95%| °C 253.1 240.4 241.2 --
FBP| °C 258.3 248.9 247.9 --
Residue % 1.2 1.5 14 -
Loss % 14 0.8 1.2 --
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Table D-1. Results for Boeing Flight Fuels

SwRI Sample Code CL09-0501 CL09-0502 CL09-0503 (():(I).;)g(—)
Jet / JAL Jet / CAL Jet / ANZ
Test Method Units 50%/BIend 50%/Blend 50%/Blend ’at"’(’l’“h;/t‘;\'gae
(POSF5674)| (POSF5675) (POSF5673)
Flash Point — PMCC D93 °C 49.0 49.5 47.5 -
Specific Heat Capacity E2716 ki/kg.K Table 3 Table 3 Table 3 -
Minimum Ignition Energy E582 m)J 0.46 0.46 0.46 --
/Autoignition Temperature E659
Hot Flame Autoignition Temperature °C 230 233 226 --
Hot Flame Lag Time| seconds 175 111 225 -
Cool Flame Autoignition Temperature °C - - -- -
Cool Flame Lag Time seconds 0 0 0 -
Barometric Pressure| mm Hg 738.9 737.3 736.7 -
Reaction Threshold Temperature| °C 218 221 217 -
Upper Explosion Limit (UEL), @100°C E681 % 6.0 5.8 3.5 -
Lower Explosion Limit (LEL), @100°C E681 % 0.5 0.4 0.5 --
Hot Surface Ignition Temperature FTM 791-6053 °F 1200 1250 1150 -
Removal of Emulsified Water SAE J1488 |TWA WRE ** Ta:t)(l)gtylg-Z -- -- -
[Thermal Conductivity SwRI
0°( W/m.K 0.1048 0.09930 0.09939 -
25°C W/m.K 0.1036 0.09782 0.09855 -
50°C W/m.K 0.1024 0.09634 0.09772 -
Ignition Quality Test (1QT) D6890
Ignition Delay, ID ms 4.247 4.132 4.177 3.474
Derived Cetane Number, DCN - 46.87 48.11 47.61 57.45
Dielectric Constant (400Hz) SwWRI
-38.1°C - 2.1632 - - -
-18.4°C - 2.1362 - - -
1.9°C - 2.1079 - - -
21°C - 2.0830 - - -
50.5°C - 2.0470 - - -
80.8°C] - 2.0084 - - -
Dielectric Constant (400Hz) SwRI
-37.7°C - - 2.1363 - -
-22°C - - 2.1198 - -
-1.6°C - - 2.0929 - -
18.5°C - - 2.0673 - -
42.9°C - - 2.0374 - -
80.8°C] - - 1.9901 - -
Dielectric Constant (400Hz) SwWRI
-37.2°C - - - 2.1356
-20.6°C - - - 2.1148
0.8°q - - - 2.0894
19.7°C - - - 2.0649
50.7°C - - - 2.0255
78.1°C - - - 1.9898

* TWA WRE = Time Weighted Average Water Removal Efficiency
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Table D-2. SAE J1488 Results for CL09-00501 (POSF5674) — Jet/JAL Blend

Test Description SAE J1488 [Test No 2
Test Engineer Gary Bessee|Filter ID M1
Test Fluid CLO9-00501 [Test Date 7/16/2009
Vacuum / Pressure Pressure ;I'cest Temperature, 26.6
Test Fluid Flow Rate (Ipm) 7.6 Water Saturation [112.83
Fuel/Water Interfacial Tension (mN/m)
Before 35.8
MSEP
Before 93
Downstream Water Water
Test Time Upstream Content Pressure | Drained
Sample ID . (ppm) Drop from Test
(minutes) (ppm) X
. (kPa) Filter
Measured | Adjusted
(mL)
1 10 2490 53.48 0 7.5 74
2 30 2760 77.69 0 8.4 305
3 50 1980 47.94 0 9.8 300
4 70 2080 52.90 0 10.4 415
5 90 2600 55.62 0 10.5 475
6 110 2950 73.42 0 10.5 410
7 130 2980 55.38 0 11.1 320
8 150 2540 61.17 0 11.2 315
Average Water Content, ppm 2548
Time Weighted Average Water Removal o
Efficiency (%) 100.0%
Total Water from Test Housing (mL) 2540
Water from Cleanup Filters (mL) 0
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Appendix E

FT and HRJ Report

91
Approved for public release; distribution unlimited.



FT-SPK and HRJ EVALUATION

FINAL REPORT
SwRI’ Project No. 08-14406.01.003

Prepared for
Mr. Andrew L. Detrick
Universal Technology Corporation
1270 N. Fairfield Road
Dayton, OH 45432-2600

Prepared by
Gary B. Bessee, Manager-R&D
Scott A. Hutzler, Senior Research Scientist
George R. Wilson, Senior Research Scientist
Fuels and Lubricants Technology Department
Southwest Research Institute (SwRI’)
6220 Culebra Road
San Antonio, TX 78238

November 2010

92
Approved for public release; distribution unlimited.



(This page left intentionally blank)

93
Approved for public release; distribution unlimited.



Table of Contents

Section Page
1.0 ODJECHIVE ..ot 95
2.0 SAMPIES ... 95
3.0 ANAIYSIS i e et e e e rn 95

3.1 HYdrogen CONTENT ....c.oveieieiiisie et n e 95

T8 AN 0] 11U ol O] ] (- | AP 95

3.3 EleMENtal ANAIYSIS.....cviiiiie ettt e 96
4.0 CONCIUSIONS ...ttt bbb bttt bbbt b e 96
APPENIX EL DALA ...ttt nb et e e 97

List of Tables

Table Page
Table E-1. FT and HRJ SAMPIES .......ooiiiiiieiieeee e 95
Table E1-1. Results for FT FUel ANAlYSIS.......cccooiiiiiiiiiic e s 98
Table E1-2. Results for HRJ FUEI ANAIYSIS........c.coiiiiiiiiiic et s 99

List of Figures

Figure Page

Figure E1-1. Hydrogen Content (MASSY0) .......couervereirririnierieiteseesiesieesesie s sie s esesnesnens 100

Figure E1-2. Hydrocarbon TYPES (MASSY) .....ccveireieeiieireeiesieeteesiesreesrestesresresteeaesresraesresneennenns 101
94

Approved for public release; distribution unlimited.



1.0 Objective

The purpose of this effort was to provide additional test data for selected Fischer-Tropsch (FT)
Synthetic Paraffinic Kerosenes (SPK) and Hydroprocessed Renewable Jet (HRJ) fuels.

2.0 Samples

Nine fuel samples, identified in Table E-1, were selected for analysis. The Sasol GTL samples,
the Syntroleum SPK, and the Shell SPK were on-hand at SWRI. The GTL samples had been clay
treated prior to this study. The Sasol IPK was provided by AFRL. UOP provided four HRJ
samples for testing.

Table E-1. FT and HRJ Samples

SWRI SWRI Description
Sample No. Alternate Sample No.
CL09-00163 AL-28060 Sasol GTL#2 (Isomerized Kerosene)
CL09-00164 AL-28059 Sasol GTL#1 (FT-Kerosene)
CL09-00268 AL-28518 Sasol IPK (POSF5642)
CLO9-00169 AL-27074 Syntroleum SPK
CL09-00170 AL-27892 Shell SPK
CL09-00171 AL-28594 08POSF5675 (UOP HRJ)
CL09-00172 AL-28592 08POSF5673 (UOP HRYJ)
CL09-00173 AL-28593 08POSF5674 (UOP HRJ)
CL09-00174 AL-28595 08POSF5698 (UOP HRJ)

3.0 Analysis

The FT-SPK and HRJ results can be found in Table E1-1 and Table E1-2, respectively. Other
than aromatic content and trace contaminants in the elemental analysis, the samples in this study
generally meet the requirements of Table Al.2 in the D7566-09 specification for the tests
performed. A discussion of specific issues follows.

3.1 Hydrogen Content

For comparison, hydrogen content was determined by two methods - ASTM D5291 and
ASTM D3701. ASTM D3701, which is based on nuclear magnetic resonance (NMR),
specifically cites a 1977 research report indicating a positive bias for known, pure compounds.
No specific bias toward D5291 could be detected in this data. The hydrogen contents are plotted
for comparison in Figure E1-1.

3.2 Aromatic Content

While most of the samples were shown to contain no detectable aromatic content, two samples,
the Sasol IPK and 08POSF5698, narrowly exceeded the maximum allowable aromatic content of
0.5 mass% per D7566 (see Figure E1-2). Independent validation tests in our lab suggest that these
values are significant (valid) and represent an actual response from aromatics in the fuel.
However, the reproducibility of that value may be as high as 1.4 mass%. An ongoing
investigation of the D2425 method is underway between SwRI and other labs.
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3.3 Elemental Analysis

ASTM D7111 (ICP-AES) was used to determine the elemental composition at SwRI. The
specification limit (per UOP 389) is 100 ppb per element. All of the fuels contain at least one
element that exceeds this maximum limit. These contaminants are relatively common and could
have been acquired through normal transport and handling of the fuel. The most likely sources of
these trace contaminants are as follows:
e Aluminum

o Fuel containers (manufacturing debris)

o Glass sample bottles

o Drying agents (aluminosilicates)

e Lithium

o Clay (used for clay treatment)
e Sodium

o Glass sample bottles
e Silicon

o Glass sample bottles
o Drying agents (aluminosilicates)

4.0 Conclusions

Although some of the measured fuel properties exceed the specification limits in D7566 for
hydroprocessed SPK, the handling of these samples beyond the point of origin have likely
contributed to the trace contamination. We cannot conclude whether the aromatics in the fuel
were present at the point of batch origination or introduced through contamination. While HRJ
fuel is not formally part of the D7566 specification, efforts are underway to incorporate those
fuels in the next year. It is currently anticipated that no additional specification requirements will
be needed to handle HRJ. The D7566 specification for hydroprocessed SPK refers only to sample
quality at the point of batch origination and is primarily used to verify that the process is
adequately controlled. Once certified to D7566, recertification beyond the point of batch
origination must be done according to D1655.
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Data
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Table E1-1. Results for FT Fuel Analysis

SwRI Sample Code CL09-00163 CL09-00164 | CL09-00268 CL09-00169 CL09-00170 D7566-09
Test Method Units SASOL GTL#2 SASOL GTL#1 | SASOL IPK Syntroleum SPK Shell SPK
Carbon/Hydrogen Content D5291
Carbon Content| mass% 84.69 84.45 84.58 84.37 84.76
Hydrogen Content mass% 15.50 15.40 15.23 15.50 15.69
Carbon + Hydrogen| mass% 100.2 99.8 99.8 99.9 100.4 99.5 min
\Water Content D6304 mg/kg 32 40 38 22 28 75 max
Nitrogen Content D4629 mg/kg 2 <1 2 <1 1 2 max
Sulfur Content D5453 ppm 0.6 0.6 1.5 0.6 0.6 15 max
Elemental Analysis D7111
Aluminum| <100ppb <100ppb <100ppb <100ppb <100ppb
Barium <100ppb <100ppb <100ppb <100ppb <100ppb
Calcium| <100ppb <100ppb <100ppb <100ppb <100ppb
Chromium <100ppb <100ppb <100ppb <100ppb <100ppb
Copper| <100ppb <100ppb <100ppb <100ppb <100ppb
Iron <100ppb <100ppb <100ppb <100ppb <100ppb
Lithium| <100ppb 125ppb <100ppb 107ppb <100ppb
Lead <100ppb <100ppb <100ppb <100ppb <100ppb
Magnesium <100ppb <100ppb <100ppb <100ppb <100ppb
Manganese <100ppb <100ppb <100ppb <100ppb <100ppb 0-1 me/kg max
(based on UOP 389)
Molybdenum| <100ppb <100ppb <100ppb <100ppb <100ppb
Nickel <100ppb <100ppb <100ppb <100ppb <100ppb
Potassium <lppm <1lppm <1 <1lppm <1lppm
Sodium <lppm 2.6ppm 1.3ppm 2.5ppm 1.4ppm
Silicon 993ppb <100ppb <100ppb <100ppb <100ppb
Silver <100ppb <100ppb <100ppb <100ppb <100ppb
Titanium| <100ppb <100ppb <100ppb <100ppb <100ppb
Vanadium| <100ppb <100ppb <100ppb <100ppb <100ppb
Zing <100ppb <100ppb <100ppb <100ppb <100ppb
Hydrogen by NMR D3701 mass% 15.21 15.51 15.41 15.2 15.47
Hydrocarbon Types by Mass Spec D2425
Paraffins| mass% 92.0 97.4 87.5 91.0 96.0
Cycloparaffins| mass% 7.7 2.6 11.6 9.0 4.0 15 max
Aromatics mass% 0.3 0.0 1.0 0.0 0.0 0.5 max
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Table E1-2. Results for HRJ Fuel Analysis

SwRI Sample Code CL09-00171 CL09-00172 CL09-00173 CL09-00174 D7566-09
Test Method Units 08POSF5675 08POSF5673 08POSF5674 08POSF5698
Carbon/Hydrogen Content D5291
Carbon Content| mass% 84.62 84.52 85.01 84.99
Hydrogen Content mass% 15.43 15.18 15.31 15.31
Carbon + Hydrogen| mass% 100.0 99.7 100.3 100.3 99.5 min
\Water Content D6304 mg/kg 53 47 23 21 75 max
Nitrogen Content D4629 mg/kg <1 <1 <1 <1 2 max
Sulfur Content D5453 ppm 0.6 0.6 0.8 0.6 15 max
Elemental Analysis D7111
Aluminum| <100ppb <100ppb <100ppb 110ppb
Barium <100ppb <100ppb <100ppb <100ppb
Calcium| <100ppb <100ppb <100ppb <100ppb
Chromium <100ppb <100ppb <100ppb <100ppb
Copper| <100ppb <100ppb <100ppb <100ppb
Iron <100ppb <100ppb <100ppb <100ppb
Lithium| <100ppb <100ppb <100ppb <100ppb
Lead <100ppb <100ppb <100ppb <100ppb
Magnesium <100ppb <100ppb <100ppb <100ppb
Manganese <100ppb <100ppb <100ppb <100ppb 0.1 me/kg max
(based on UOP 389)
Molybdenum| <100ppb <100ppb <100ppb <100ppb
Nickel <100ppb <100ppb <100ppb <100ppb
Potassium <lppm <1lppm <1lppm <1lppm
Sodium 1.6ppm 1.4ppm 2.0ppm 2.3ppm
Silicon <100ppb <100ppb <100ppb <100ppb
Silver <100ppb <100ppb <100ppb <100ppb
Titanium| <100ppb <100ppb <100ppb <100ppb
Vanadium| <100ppb <100ppb <100ppb <100ppb
Zing <100ppb <100ppb <100ppb <100ppb
Hydrogen by NMR D3701 mass% 15.43 15.31 15.23 14.97
Hydrocarbon Types by Mass Spec D2425
Paraffins| mass% 96.1 94.8 85.8 89.8
Cycloparaffins mass% 3.9 5.2 14.2 9.0 15 max
Aromatics| mass% 0.0 0.0 0.0 1.2 0.5 max
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1.0 Objective

The objective of this effort was to determine if emerging synthetic paraffinic kerosenes (SPK),
such as Sasol IPK, have dielectric constants in the same range as current petroleum-based
aviation fuels, such as Jet A.

2.0 Background

The dielectric constant of a fuel is calculated by dividing the capacitance of the fuel by the
capacitance of air. The dielectric constant is a linear function of temperature decreasing with
increasing temperature. Since the density of the fuel is also a linear function of temperature that
varies inversely, the dielectric constant increases as density increases.

Aircraft fuel gauging systems utilize capacitance probes located in each fuel tank. The fuel level
is measured as a change in capacitance as fuel displaces the air inside the tubular fuel probe.
Since the electrical properties of fuels can vary from type to type and even among different
batches of the same fuel, compensators are used to provide the gauging system with a point of
reference and adjust for changes in density (and therefore dielectric constant) as a function of
temperature. Compensators are located at the lowest point in an aircraft fuel tank.

3.0 Approach

The capacitance cell (k-cell) used for this work was provided under a bailment agreement by
Goodrich Sensors and Integrated Systems-VT. An Andeen-Hagerling ultra precision capacitance
bridge (AH 2700A, 50Hz-20kHz) was used to make the capacitance measurements. All
capacitance measurements were collected at 400Hz since most of the historical data was collected
at that frequency. Recent discussions suggest that a higher frequency should be considered
(e.g. > 1 kHz) to negate the affect of entrained water and perhaps to coincide with the higher
frequencies at which current aircraft operate.

The dielectric measurements were conducted according to guidance provided by Goodrich. In
general, the experimental procedure was as follows:

Measure the capacitance of air using a clean, dry k-cell

Submerge the k-cell in fuel

Allow the fuel and cell to equilibrate to the test temperature

Record the fuel capacitance and temperature

Calculate the dielectric constant

The procedure for testing at temperatures other than ambient was less well defined. Our approach
was to measure the capacitance of fuel at the desired temperature and divide that by the
capacitance of air at ambient temperature. The fuel and k-cell were equilibrated to the test
temperature separately, then brought together and the capacitance measured. This was done to
reduce the exposure time of the k-cell to the fuel when long equilibration times were necessary.
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4.0 Samples

Eleven fuel samples, identified in Table F-1, were selected for analysis. Two of the existing fuels,
Sasol IPK and R-8, were also additized with Static Dissipator Additive (SDA) to determine the
effect, if any, of the SDA on the dielectric constant.

Table F-1. Samples

SWRI SwRI Description Table Figure

Sample No. Alternate Sample No.

CL09-00372 | AL 27915 POSF4751 (JP-8) Table F1-1 Figure F2-1
CL09-00373 | AL 27892 AL-27892 (Shell SPK) Table F1-2 Figure F2-2
CL09-00374 | AL 27074 S-8 (probably POSF5018) Table F1-3 Figure F2-3
CL09-00375 | AL-27940 (also AL-27990) 50 /50 Shell / JP-8 Table F1-4 Figure F2-4
CL09-00376 | AL-27916 POSF5171 (50 /50 S-8 / JP-8) | Table F1-5 Figure F2-5
CL09-00268 | AF-6924 (also AL-28518) POSF5642 (Sasol IPK) Table F1-6 Figure F2-6
CL09-00324 | AF-6778 R-8 (lot-1) Table F1-7 Figure F2-7
CL09-00848 Sasol IPK w/ SDA (3 ppm) Table F1-8 Figure F2-8
CL09-00847 R-8 w/ SDA (3 ppm) Table F1-9 Figure F2-9
CL09-00342 | AL-28621 POSF4658 (Jet A) Table F1-10 | Figure F2-10
CL09-00343 | AL-28622 POSF5706 (S-8 / Jet A) Table F1-11 | Figure F2-11

5.0 Analysis

For each sample, the dielectric constant and the density as a function of temperature was
measured. The raw measurements can be found in Appendix F1 as indicated in the sample table
(Table F-1). Dielectric Constant vs. Density plots were then generated from this data (Figures in
Appendix F2). The density values for each dielectric constant measurement were determined by
extrapolating from the density data for each sample (Table F1-12).

The fuels in this study cover a range of densities between 0.68-0.85 g/mL. Nominal densities at
15°C are shown in Figure F-1. A plot of Dielectric Constant vs. Density for all samples,
(Figure F-2) shows the expected linear trend. Figure F-3 identifies each of the samples showing
that the petroleum-based samples lie at the high end of the dielectric constant range while the neat
synthetic fuels lie at the low end. The samples cover a dielectric constant range of approximately
1.92 - 2.20.

In Figure F-4, the dielectric constant is plotted as a function of temperature for each sample. An
overlay of the CRC data supports these results for the petroleum-based fuels. It also indicates that
the neat fuels and their blends are distinctly different but fall in a narrow range of dielectric
constant values.

The SDA-additized samples of Sasol IPK and R-8 show slight differences to their unadditized
equivalents. The differences appear insignificant and may be equally attributable to slight
temperature variations during the measurement.

For a general comparison, nominal dielectric constants at 15°C are plotted in Figure F-5.
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5.1 Effect of Frequency on Dielectric Constant

Discussions with Boeing revealed that the use of the 400 Hz sampling frequency was used by the
Fuel Quantity Indicating System (FQIS) long ago but modern systems operate at much higher
frequencies. Current operating frequencies may range from approximately 3-20 kHz. Operating
below 1 kHz may be an issue if water is present (change in fuel conductivity) or if fringing effects
exist. For that reason, we measured the dielectric constant of a selected fuel at several
frequencies. The fuel chosen was the neat Sasol IPK and it was measured at frequencies ranging
from 400-12,000 Hz at ambient temperature (Table F-2). For this particular neat, dry fuel the
results indicate that there is little difference (~0.02%) over that range of frequencies.

Table F-2. Dielectric Constant vs. Frequency

Frequency (Hz) Dielectric Constant’
400 2.0008
1000 2.0007
2000 2.0006
4000 2.0006
8000 2.0010
12000 2.0012

*ambient temperature
6.0 Summary

A comparison of dielectric constants for petroleum-based fuels, synthetic fuels, and their blends
revealed distinct differences. The dielectric constants of the synthetic fuels respond linearly to
changes in density like their petroleum-based counterparts but have lower values. Although the
differences appear to be relatively small, we don’t have sufficient information on the FQIS to
judge whether those differences can be adequately compensated for in the aircraft tank gauging
system.

Although testing showed no significant effect of frequency on dielectric constant, this test was
performed under ideal conditions on a single fuel only. To be consistent with other labs, future
work at SWRI will be performed at higher frequencies (~10 kHz).

7.0 Recommendations

Having gained some experience with the k-cell, there are several aspects of this procedure that
should be considered if a standardized procedure is to be developed.

e The air background is certainly a source of variation. Humidity and temperature will
likely affect the results. Placing the k-cell in an enclosure that is purged with dry air and
temperature controlled (e.g. 25°C), may be one approach to standardizing the air
background.

e Temperature control is very important since the dielectric constant is a function of fuel
density. The ability to control the temperature to within 0.1°C can be difficult across the
range of temperatures used in this study (-40°C to 80°C) but should be considered. Since
these results show that the dielectric/density relationship is very linear, several
measurements over a reduced temperature range might be adequate to generate a curve
for extrapolation.
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Figure F-1. Sample Density (at 15°C)
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Appendix F1

Data
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Table F1-1. CL09-00372 - POSF4751 (JP8).

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-32.6 2.1963
-17.4 2.1745
0.0 2.1509
225 2.1267
47.6 2.0967
81.2 2.0527

Density (D4052), g/mL

0 0.8152
15 0.8035
40 0.7852
60 0.7702
80 0.7554

Table F1-2. CL09-00373 - Shell SPK.

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-38.1 2.0755
-22.2 2.0538
-0.9 2.0259
225 1.9969
50.6 1.9628
81.4 1.9252

Density (D4052), g/mL

0 0.7478
15 0.7361
40 0.7170
60 0.7015
80 0.6860
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Table F1-3. CL09-00374 - POSF5018 (S-8).

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-33.6 2.0788
-15.1 2.0562
0.5 2.0399
225 2.0151
45.1 1.9874
79.8 1.9475

Density (D4052), g/mL

0 0.7659
15 0.7544
40 0.7361
60 0.7211
80 0.7064

Table F1-4. CL09-00375 - 50/50 Shell SPK / JP-8.

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-32.8 2.1337
-15.6 2.1096
-0.2 2.0884
225 2.0623
50.3 2.0223
81.0 1.9836

Density (D4052), g/mL

0 0.7818
15 0.7702
40 0.7515
60 0.7363
80 0.7211
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Table F1-5. CL09-00376 - POSF5171 - 50/50 S-8 / JP-8.

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-31.5 2.1359
-16.4 2.1164
0.0 2.0992
225 2.0740
50.4 2.0387
79.8 2.0026

Density (D4052), g/mL

0 0.7905
15 0.7790
40 0.7607
60 0.7457
80 0.7310

Table F1-6. CL09-00268 - POSF5642 - Sasol IPK.

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-33.5 2.0959
-12.7 2.0671
-3.5 2.0568
14.4 2.0332
44.7 1.9974
73.5 1.9631

Density (D4052), g/mL

0 0.7719
15 0.7609
40 0.7422
60 0.7276
80 0.7121
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Table F1-7. CL09-00324 - R-8 Lot 1.

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-31.2 2.0894
-20.1 2.0760
-4.0 2.0562
17.9 2.0299
49.2 1.9946
81 1.9578

Density (D4052), g/mL

0 0.7742
15 0.7632
40 0.7449
60 0.7322
80 0.7182

Table F1-8. CL09-00848 - Sasol IPK w/ SDA.

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-32.8 2.0943
-22.9 2.0818
-2.8 2.0564
17.7 2.0313
49.2 1.9943
81.2 1.9559

Density (D4052), g/mL

0 0.7719
15 0.7609
40 0.7422
60 0.7276
80 0.7121
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Table F1-9. CL09-00847 - R-8 w/ SDA.

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-34.1 2.0982
-21 2.0818
-4.2 2.0609
16.9 2.0353
42.8 2.0046
74.1 1.9684

Density (D4052), g/mL

0 0.7742
15 0.7632
40 0.7449
60 0.7322
80 0.7182

Table F1-10. CL09-00342 - POSF4658 (Jet A).

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-39.5 2.2072
-22.4 2.1817
-0.5 2.1506
20.8 2.1222
52.7 2.0816
81.6 2.0446

Density (D4052), g/mL

0 0.8179
15 0.8061
40 0.7881
60 0.7732
80 0.7571
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Table F1-11. CL09-00343 - POSF5706 (S-8 / Jet A).

Test / Temperature (°C) Value

Dielectric Constant (400Hz)
-37.6 2.141
-21 2.118
-24 2.094
20.6 2.064
50.5 2.028
81.5 1.990

Density (D4052), g/mL

0 0.7916
15 0.7804
40 0.7620
60 0.7472
80 0.7324
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Table F1-12. Dielectric Constant and Extrapolated Density.

Sample ID Temperature (°C) Dielectric Constant (400Hz) Density (g/mL)
-32.6 2.1963 0.8393
-17.4 2.1745 0.8279
0 2.1509 0.8150
€109-00372 22.5 2.1267 0.7982
47.6 2.0967 0.7795
81.2 2.0527 0.7544
-38.1 2.0755 0.7772
-22.2 2.0538 0.7649
-0.9 2.0259 0.7485
€109-00373 22.5 1.9969 0.7304
50.6 1.9628 0.7087
81.4 1.9252 0.6850
-33.6 2.0788 0.7907
-15.1 2.0562 0.7770
0.5 2.0399 0.7654
CL09-00374
22.5 2.0151 0.7490
45.1 1.9874 0.7322
79.8 1.9475 0.7065
-32.8 2.1337 0.8066
-15.6 2.1096 0.7935
CL0S-00375 -0.2 2.0884 0.7819
22.5 2.0623 0.7647
50.3 2.0223 0.7436
81 1.9836 0.7204
-31.5 2.1359 0.8137
-16.4 2.1164 0.8025
CLOS-00376 0 2.0992 0.7903
22.5 2.0740 0.7736
50.4 2.0387 0.7529
79.8 2.0026 0.7311
-33.5 2.0959 0.7970
-12.7 2.0671 0.7815
CLO9-00268 -3.5 2.0568 0.7746
14.4 2.0332 0.7613
44.7 1.9974 0.7387
73.5 1.9631 0.7172
-31.2 2.0894 0.7955
-20.1 2.0760 0.7878
-4 2.0562 0.7765
CL09-00324
17.9 2.0299 0.7613
49.2 1.9946 0.7394
81 1.9578 0.7172
-32.8 2.0943 0.7965
CL09-00848 -22.9 2.0818 0.7891
-2.8 2.0564 0.7741

Approved for public release; distribution unlimited.
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Table F1-12. Dielectric Constant and Extrapolated Density.

Sample ID Temperature (°C) Dielectric Constant (400Hz) Density (g/mL)

17.7 2.0313 0.7588

49.2 1.9943 0.7353

81.2 1.9559 0.7115

-34.1 2.0982 0.7975

-21 2.0818 0.7884

-4.2 2.0609 0.7767

€L09-00847 16.9 2.0353 0.7620
42.8 2.0046 0.7439

74.1 1.9684 0.7221

-39.5 2.2072 0.8476

-22.4 2.1817 0.8347

-0.5 2.1506 0.8182

€L09-00342 20.8 2.1222 0.8022
52.7 2.0816 0.7782

81.6 2.0446 0.7564

-37.6 2.1410 0.8194

-21 2.1180 0.8071

-2.4 2.0940 0.7933

€L09-00343 20.6 2.0640 0.7763
50.5 2.0280 0.7542

81.5 1.9900 0.7313

Approved for public release; distribution unlimited.
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Figure F2-3. CL09-00374 (POSF5018 S-8)
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Figure F2-4. CL09-00375 (50/50 Shell SPK / JP-8)

128

Approved for public release; distribution unlimited.

2.12

2.14

2.16




Density (g/mL)

0.82

R?=0.9993

0.81 /
0.80

o
~N
o

o o
~ ~N
~ 00

o o
~N ~N
(6] [+))

0.74 /
0.73

0.72

1.98 2.00 2.02 2.04 2.06 2.08 2.10 2.12
Dielectric Constant (400Hz)

Figure F2-5. CL09-00376 (POSF5171 50/50 S-8 / JP-8)
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Figure F2-7. CL09-00324 (R-8 Lot 1)
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Figure F2-8. CL09-00848 (Sasol IPK w/ SDA)
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Figure F2-9. CL09-00847 (R-8 w/ SDA)
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Figure F2-10. CL09-00342 (POSF4658 Jet A)
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Table G-1. Results for D6078 (SLBOCLE) Lubricity Tests

SwRI Sample Code CL09-0751 CL09-0752
. JP-8 Sasol IPK + CI/LI
T Meth
est ethod | Units | b crsgo3) (POSF5802)
Scuffing Load BOCLE D6078
Scuffing Load grams 2750 1850

Table G-2. Results for D6079 (HFRR) Lubricity Tests

SwRI Sample Code CL09-0751 CL09-0752 CL10-0796 CL10-0797
Sasol IPK + >6:44
Test Method |Units JP-8 ci/u 56:44 POSF5698:POSF4765 POSF5698:PO§F'4765
(POSF5803) (POSF5802) (POSF6413) w/JP-8 Additive
(POSF6412)
HFRR @60°C D6079
Wear Scar Diameter| um 710 650 630 660

Table G-3. Results for D6890 (1QT)

SwRI Sample Code CL09-0753 | CL09-0754 | CL09-0755 | CL09-0756 | CL09-0873 | CL10-1409
Sasol Sasol Sasol Sy:l:ll:Ztic
. IPK/JP8 IPK/JP8 RP-1 IPK/JP8 JP-7 .
Test Method | Units Blend Blend |(POSF4572)| Blend |(POSF3327) ’;‘:ffﬂ:r
POSF5618)|(POSF561 POSF562
(POSF5618)|(POSF5619) (POSF5620) e
Ignition Quality Test (1QT) D6890
Ignition Delay, ID| ms 5.269 5.223 4.497 5.278 3.783 4.525
Derived Cetane Number, DCN 38.7 39.0 44.4 38.6 52.5 44.19
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Table G-4. Results for Neat Tallow

SwRI Sample Code CL10-0773
Test Method | Units P ;:!:?%8)
Chemistry
Elemental Analysis D7111
Al 265ppb
Ba <100ppb
Ca <100ppb
Cr <100ppb
Cu <100ppb
Fe <100ppb
Li <100ppb
Pb <100ppb
Mg <100ppb
Mn <100ppb
Mo <100ppb
Ni <100ppb
<lppm
<1lppm
Na <1lppm
Si <100ppb
Ag <100ppb
Ti <100ppb
Vv <100ppb
Zn <100ppb
Lubricity (BOCLE) vs. CI/LI Concentration D5001
0 mg/L mm 1.00
5 mg/L mm 0.85
10 mg/L mm 0.58
15 mg/L mm 0.57
20 mg/L mm 0.51
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Table G-5. Comparative Lubricity Data

sample ID Fuel Description BOCLI:n(rIr)‘SOOI) Scuffing-Loag?a?;)sCLE (D6078) HFRR ,,(,?:079)
CL10-0005 Clay-Treated Jet A 0.75 2700 0.72
CL10-0429 Jet A (Valero) 0.84 2650 0.72
CL09-0268 Sasol IPK 0.86 1950 0.84
CL10-0326 R-8 0.99 1950 0.73
CL10-0932 Tallow / JP-8 0.61 3900 0.71
CL10-0687 TS-1 0.58 2950 0.74
CL09-0992 JP-5 0.57 3950 0.71
CL10-1266 JP-8 0.53 3850 0.73
CL10-0773 Tallow 0.95 2450 0.71
CL10-0278 Camelina 0.93 2000 0.79
CL10-0327 Camelina / JP-8 0.62 3100 0.73
CL10-0428 R-8 /Jet A 0.86 2150 0.69
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Table G-6. Existent Gum Data

Run 1 A?/::"aze
Sample Description Average mg/lgo
mg/100mL ol
CLO9-
0636 R-8x 14 13
CL10- .
0278 Camelina 7 5
CL10-
0326 R-8 2 2
CL10-
0773 Tallow 2 1
CL10- . <1
1443 Boeing Jet Fuel JP-5 (HRJ-5) mg/100mL 1
CL10- . L . . _
1444 Boeing Bio Oil Derived Synthetic Paraffinic Kerosene - Jatropha Lot 1 2
cLio- Boeing Bio Oil Derived Synthetic Paraffinic Kerosene - Camelina Lot <1 1
1445 & ¥ me/100mL
CL10- Boeing Bio Oil Derived Synthetic Paraffinic Kerosene - Jatropha/Algae Lot <1 1
1446 & ¥ pha/e meg/100mL
CL10- Boeing Bio Oil Derived Synthetic Paraffinic Kerosene - 1 5
1447 Jatropha/Algae/Camelina Lot
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Appendix H

R-8/Jet A Data
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Table H-1. Results for R-8 / Jet A

SwRI Sample Code CL10-0428
Test Method Units 5';-/85(/) :;i:: d
Chemistry
Hydrocarbon Types by Mass Spec D2425
Paraffins mass% 70.70
Monocycloparaffins mass% 19.00
Dicycloparaffins mass% 0.00
Tricycloparaffins mass% 0.00
TOTAL SATURATES mass% 89.70
Alkylbenzenes mass% 6.10
Indans/Tetralins mass% 3.50
Indenes mass% 0.00
Naphthalene mass% 0.30
Naphthalene, Alkyl mass% 0.30
Acenaphthenes mass% 0.10
Acenaphthylenes mass% 0.10
Tricyclic Aromatics mass% 0.00
TOTAL AROMATICS mass% 10.40
Aromatic Content D1319
Aromatics vol% 7.8
Olefins vol% 0.5
Saturates vol% 91.7
Carbon/Hydrogen D5291
Carbon % 84.94
Hydrogen % 14.64
Hydrogen Content (NMR) D3701 mass% 14.66
Carbonyls, Alcohols, Esters, Phenols EPA 8260B/8270C -- Appendix K
Nitrogen Content D4629 mg/kg 2
Copper by AA D3237M ppb 6
Elemental Analysis D7111
Al ppb 280
Ba ppb <100
Ca ppb <100
Cr ppb <100
Cu ppb <100
Fe ppb <100
Li ppb <100
Pb ppb <100
Mg ppb <100
Mn ppb <100
Mo ppb <100
Ni ppb <100
K ppb <1000
Na ppb <1000
Si ppb <100
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Table H-1. Results for R-8 / Jet A

SwRI Sample Code CL10-0428
Method Units 5'; /ié ::i:: d
Ag ppb <100
Ti ppb <100
Vv ppb <100
Zn ppb <100
Bulk Physical and Performance Properties
Distillation D86
IBP °C 147.2
5% °C 171.8
10% °C 173.9
15% °C 175.8
20% °C 178.8
30% °C 184.4
40% °C 190.2
50% °C 195.8
60% °C 204.3
70% °C 214.6
80% °C 228.8
90% °C 249.4
95% °C 262.8
FBP °C 266.3
Residue % 1.4
Loss % 1.4
T50-T10 °C 21.9
T90-T10 °C 75.5
Simulated Distillation D2887
IBP °C 117.30
5% °C 146.40
10% °C 158.70
15% °C 166.10
20% °C 170.30
25% °C 174.60
30% °C 178.20
35% °C 182.70
40% °C 188.30
45% °C 193.60
50% °C 197.00
55% °C 202.30
60% °C 208.90
65% °C 215.80
70% °C 221.00
75% °C 229.80
80% °C 238.60
85% °C 251.80
90% °C 264.70
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Table H-1. Results for R-8 / Jet A

SwRI Sample Code CL10-0428
Test Method Units 5';-/1(/’ ::i:: d
95% °C 277.00
FBP °C 301.90
Vapor pressure (Absolute) D6378
0°C psi 0.14
10 °C psi 0.20
20°C psi 0.24
30°C psi 0.29
40°C psi 0.36
50°C psi 0.46
60 °C psi 0.61
70°C psi 0.82
80°C psi 1.11
90 °C psi 1.51
100 °C psi 2.02
110°C psi 2.74
120°C psi 3.67
JFTOT Breakpoint D3241BP °C
Test Temperature °C >340
ASTM Code rating 1
Maximum Pressure Drop mm Hg 0.1
JFTOT deposit thickness Ellipsometer not available
Lubricity (BOCLE) D5001 mm 0.92
Lubricity (BOCLE) vs. CI/LI Concentration D5001
0 mg/L mm 0.94
5 mg/L mm 0.72
10 mg/L mm 0.66
15 mg/L mm 0.60
20 mg/L mm 0.59
Kinematic Viscosity D445
-40°C cSt 9.47
-20°C cSt 4.70
30°C cSt 1.62
40°C cSt 1.38
Specific Heat Capacity E2716 kJ/kg.K Table 3
Density D4052
5°C kg/m’ 0.7883
15°C kg/m? 0.7810
40°C kg/m? 0.7617
60°C kg/m’ 0.7467
80°C kg/m? 0.7316
Surface tension D1331A
-10°C mN/m 28.9
25°C mN/m 25.1
40°C mN/m 23.4
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Table H-1. Results for R-8 / Jet A

SwRI Sample Code CL10-0428
Test Method Units 5'; /ié ::i:: d
Isothermal Tangent Bulk modulus @ 30°C D6793
0 psi psig 196255
1000 psi psig 207062
2000 psi psig 218157
3000 psi psig 229539
4000 psi psig 241208
5000 psi psig 253164
6000 psi psig 265407
7000 psi psig 277938
8000 psi psig 290756
9000 psi psig 303861
10000 psi psig 317253
Isothermal Tangent Bulk modulus @ 60°C D6793
0 psi psig 165292
1000 psi psig 176435
2000 psi psig 187937
3000 psi psig 199801
4000 psi psig 212025
5000 psi psig 224609
6000 psi psig 237554
7000 psi psig 250859
8000 psi psig 264524
9000 psi psig 278551
10000 psi psig 292937
Thermal Conductivity SwRI
0°C W/m.K 0.1048
25°C W/m.K 0.1037
50°C W/m.K 0.1026
Water Content D6304
5°C ppm 27
20°C ppm 70
40°C ppm 127
50°C ppm 156
Flash Point - Tag Closed D56 °C 45
Freeze Point (manual) D2386 °C -56.5
Freeze Point D5972 °C -60.0
Electrical Properties
Dielectric Constant (400Hz) SwRI
-35.9°C 2.1311
-21.8°C 2.1131
1.1°C 2.0835
19.0°C 2.0610
52.4°C 2.0207
80.3°C 1.9857
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Table H-1. Results for R-8 / Jet A

SwRI Sample Code CL10-0428
Test Method Units 5';-/1(/’ ::i:: d
Electrical Conductivity D2624 pS/m 7
Electrical Conductivity vs. SDA Concentration D2624
0 mg/L pS/m 0
1 mg/L pS/m 502
2 mg/L pS/m 975
3 mg/L pS/m 1435
4mg/L pS/m 1905
Electrical Conductivity vs. Temperature D2624
-40 pS/m 0
-30 pS/m 4
-20 pS/m 4
-10 pS/m 6
0 pS/m 8
10 pS/m 1
20 pS/m 4
30 pS/m 8
40 pS/m 15
50 pS/m 44
60 pS/m 246
70 pS/m 389
80 pS/m 490
Ground Handling Properties and Safet
MSEP D3948 rating 98
Removal of Emulsified Water SAE J1488 TWA WRE ** 100.0
Table H-2
Storage Stability - Peroxides @65°C D3703
0 week mg/kg 0.00
1 week mg/kg 0.00
2 week mg/kg 0.23
3 week mg/kg 0.34
6 week mg/kg 0.46
Storage Stability — Potential Gums D5304
16 hours mg/100mL 0.2
Upper Explosion Limit (UEL), @100°C E681 % 2.6
Lower Explosion Limit (LEL), @100°C E681 % 0.3
Autoignition temperature E659
Hot Flame Autoignition Temperature °C 241
Hot Flame Lag Time seconds 60
Cool Flame Autoignition Temperature °C -
Cool Flame Lag Time seconds -
Barometric Pressure mm Hg 739
Reaction Threshold Temperature °C 226
Hot surface ignition FTM 791-6053 °F 1275
Compatibility
Fuel/Additive Compatibility (4x treat rate) | D4054B
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Table H-1. Results for R-8 / Jet A

SwRI Sample Code CL10-0428
Test Method Units 5'; /ié ::iz: d
FSlI effect 1" Set - Some separation
effect 2nd Set — No separation
SDA effect no separation
Cl/Ll effect no separation
MDA effect no separation
AO effect no separation
Additive Cocktail (MDA, AO, SDA, CI/LI, FSIl) effect 1" Set - Some separation
effect 2nd Set — No separation
+100 (#1, P-39) effect no separation
+100 (#1, P-41) effect no separation
+100 (#1, P-44) effect no separation
+100 (#1, P-47) effect no separation
+100 (#1, P-50) effect no separation
+100 (Blend) effect no separation
Elastomer Compatibility (O-Ring Tests) SwWRI FigureFIi-ig—j,r;iﬁiere H-3,
Miscellaneous
Copper Strip Corrosion (100°C for 2 hours) D130 rating 1A
Smoke Point D1322 mm 25.0
Naphthalene Content D1840 vol% 0.07
Sulfur - Mercaptan D3227 mass% <0.0003
Acid Number D3242 mg KOH/g 0.003
Existent Gums D381 mg/100mL 1.20
Heat of Combustion D4809
BTUHeat_Gross BTU/Ib 20071.3
BTUHeat_Net BTU/Ib 18733.9
MJHeat_Gross MJ/kg 46.68
MJHeat_Net MJ/kg 43,57
Sulfur Content - (Antek) D5453 ppm 0.4
Scuffing Load BOCLE D6078 grams 1200
HFRR @ 60°C D6079 um 740
Ignition Quality Test (1QT) D6890
Ignition Delay, ID ms 3.93
Derived Cetane Number, DCN 50.51
Minimum Ignition Energy E582 m)J 0.25
Sulfur Content D2622 ppm <10

**TWA WRE = Time-Weighted Average Water Removal Efficiency
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Table H-2. SAE J1488 — R-8/Jet A

Test Description SAE J1488 Test No 3 Average
Test Engi . Fil D S M1A1, Upstream Water 2589
est Engineer Kavitha Moorthy ilter ID, Sponsor UTCH3 Content, ppm
Test Fluid CL10-0428 Test Date 8/23/2010 Time Weighted
Average Water 100.0
Vacuum/Pressure Pressure Test Temperature, °C 26 Removal ’
Efficiency (%)
. Total Water from
Test FI FI Rat
est Fluid Flow Rate 7.6 Water Saturation 96 Test Housing, 2092
(Ipm) mL
. Water from
Waterlln]ecuon Rate 19 SwRI Filter ID Cleanup filters, 0
(mL/min) mL
Work Order No TN 100555

Fuel/Water Interfacial Tension(mN/m)

Before 25.1
MSEP
Before 96
sample ID Test Time Upstream Water Downstream Water Pressure Drop Water Drained
ample (minutes) Content (ppm) Content (ppm) (kPa) from test filter (mL)
1 0 96 55 0 9.2 0
2 10 1790 66 0 10.1 28
3 30 2230 57 0 10.1 207
4 50 2440 59 0 10.4 280
5 70 2510 64 0 10.6 298
6 90 2430 64 0 10.4 305
7 110 3170 85 0 10.5 409
8 130 3190 56 0 10.4 247
9 150 2950 54 0 10.6 318
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Figure H-1. O-ring Tensile Strength — R-8/Jet A
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Appendix |

Camelina and Camelina / JP-8 Data
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Table I-1. Results for Camelina and Camelina / JP-8

SwRI Sample Code CL10-0278 CL10-0327
Camelina, HIR8 Camelina / JP-8
Test Method Units neat 50/50 Blend
(POSF6152) (POSF6184)
Chemistry
Hydrocarbon Types by Mass Spec D2425
Paraffins mass% 92.4 67.6
Monocycloparaffins mass% 7.4 143
Dicycloparaffins mass% 0.0 4.6
Tricycloparaffins mass% 0.0 11
TOTAL SATURATES mass% 99.8 87.6
Alkylbenzenes mass% 0.2 5.4
Indans/Tetralins mass% 0.0 4.6
Indenes mass% 0.0 0.3
Naphthalene mass% 0.0 0.4
Naphthalene, Alkyl mass% 0.0 14
Acenaphthenes mass% 0.0 0.3
Acenaphthylenes mass% 0.0 0.1
Tricyclic Aromatics mass% 0.0 0.0
TOTAL AROMATICS mass% 0.2 12.5
Aromatic Content D1319
Aromatics vol% 0.0 9.0
Olefins vol% 0.5 0.9
Saturates vol% 99.5 90.1
Carbon/Hydrogen D5291
Carbon mass% 83.98 84.70
Hydrogen mass% 15.26 14.56
Hydrogen Content (NMR) D3701 mass% 15.38 14.58
Carbonyls, Alcohols, Esters, Phenols EPA 8260B/8270C -- Appendix K Appendix K
Nitrogen Content D4629 mg/kg 2 2
Copper by AA D3237M ppb <5 <5
Elemental Analysis D7111
Al -- 157ppb <100ppb
Ba - <100ppb <100ppb
Ca - 102ppb 397ppb
Cr -- <100ppb <100ppb
Cu -- <100ppb <100ppb
Fe - <100ppb <100ppb
Li - <100ppb <100ppb
Pb - <100ppb <100ppb
Mg -- <100ppb <100ppb
Mn -- <100ppb <100ppb
Mo - <100ppb <100ppb
Ni - <100ppb <100ppb
K - <lppm <lppm
Na - <lppm <lppm
153

Approved for public release; distribution unlimited.




Table I-1. Results for Camelina and Camelina / JP-8

SwRI Sample Code CL10-0278 CL10-0327
Camelina, HIR8 Camelina / JP-8
Test Method Units neat 50/50 Blend
(POSF6152) (POSF6184)
Si - 2.9ppm <100ppb
Ag -- <100ppb <100ppb
Ti - <100ppb <100ppb
\ -- <100ppb <100ppb
Zn - <100ppb 161ppb
Bulk Physical and Performance Properties
Distillation D86
IBP °C 150.9 154.3
5% °C 161.0 166.9
10% °C 161.2 168.1
15% °C 163.4 171.0
20% °C 165.5 174.6
30% °C 169.7 181.2
40% °C 175.5 188.6
50% °C 182.6 197.2
60% °C 192.2 206.3
70% °C 204.1 216.7
80% °C 220.5 228.2
90% °C 240.0 242.9
95% °C 252.3 254.7
FBP °C 256.8 262.1
Residue % 1.4 1.2
Loss % 14 1.4
T50-T10 °C 21.4 29.1
T90-T10 °C 78.8 74.8
Simulated Distillation D2887
IBP °C 119.0 117.6
5% °C 137.5 142.1
10% °C 143.1 146.3
15% °C 145.0 157.6
20% °C 152.3 165.5
25% °C 158.5 168.7
30% °C 164.6 175.5
35% °C 166.7 181.6
40% °C 169.3 188.2
45% °C 177.5 194.7
50% °C 181.9 199.7
55% °C 187.9 207.4
60% °C 195.3 212.8
65% °C 202.5 218.6
70% °C 210.4 226.2
75% °C 220.0 232.8
80% °C 229.0 239.5
85% °C 239.7 248.7
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Table I-1. Results for Camelina and Camelina / JP-8

SwRI Sample Code CL10-0278 CL10-0327
Camelina, HIR8 Camelina / JP-8
Test Method Units neat 50/50 Blend
(POSF6152) (POSF6184)
90% °C 253.8 258.0
95% °C 265.9 269.8
FBP °C 286.8 293.7
Vapor pressure (Absolute) D6378
0°C psi 0.13 0.12
10°C psi 0.19 0.17
20°C psi 0.24 0.21
30°C psi 0.29 0.26
40 °C psi 0.38 0.33
50 °C psi 0.50 0.42
60 °C psi 0.69 0.56
70°C psi 0.96 0.76
80 °C psi 1.31 1.03
90°C psi 1.79 1.41
100 °C psi 2.42 1.90
110°C psi 3.26 2.57
120 °C psi 4.35 3.44
JFTOT Breakpoint D3241BP °C
Test Temperature °C 335 305
ASTM Code rating 2 <3
Maximum Pressure Drop mm Hg 0.1 1.0
JFTOT deposit thickness Ellipsometer nm not available not available
Lubricity (BOCLE) D5001 mm 0.92 0.69
Lubricity (BOCLE) vs. CI/LI Concentration D5001
0 mg/L mm 0.94 0.68
5 mg/L mm 0.73 0.62
10 mg/L mm 0.64 0.58
15 mg/L mm 0.60 0.57
20 mg/L mm 0.57 0.56
Kinematic Viscosity D445
-40°C cSt 5.96 7.02
-20°C cSt 3.66 4.14
30°C cSt 1.35 1.44
40°C cSt 1.10 1.21
Specific Heat Capacity E2716 kl/kg.K Table 3 Table 3
Density D4052
5°C g/em® 0.7581 0.7849
15°C g/cm3 0.7504 0.7773
40°C g/em® 0.7316 0.7586
60°C g/cm3 0.7163 0.7435
80°C g/em® 0.7012 0.7284
Surface tension D1331A
-10°C mN/m - 254
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Table I-1. Results for Camelina and Camelina / JP-8

SwRI Sample Code CL10-0278 CL10-0327
Camelina, HIR8 Camelina / JP-8
Test Method Units neat 50/50 Blend
(POSF6152) (POSF6184)
23°C mN/m - 24.0
40°C mN/m -- 23.4
Isothermal Tangent Bulk modulus @ 30°C D6793
0 psi psig - 193202
1000 psi psig - 204005
2000 psi psig - 215100
3000 psi psig - 226486
4000 psi psig -- 238164
5000 psi psig - 250133
6000 psi psig - 262393
7000 psi psig - 274945
8000 psi psig -- 287788
9000 psi psig -- 300923
10000 psi psig - 314348
Isothermal Tangent Bulk modulus @ 60°C D6793
0 psi psig -- 161921
1000 psi psig -- 173560
2000 psi psig -- 185600
3000 psi psig - 198041
4000 psi psig - 210883
5000 psi psig -- 224126
6000 psi psig -- 237770
7000 psi psig -- 251815
8000 psi psig - 266261
9000 psi psig - 281107
10000 psi psig -- 296355
Thermal Conductivity SwRI
0°C W/m.K -- 0.1071
25°C W/m.K - 0.1020
50°C W/m.K - 0.0968
Water Content D6304 ppm 24 --
Water Content vs Temperature D6304
4°C ppm - 50
24°C ppm -- 115
37°C ppm - 149
46°C ppm -- 180
Flash Point - Tag Closed D56 °C 38 46
Freeze Point (manual) D2386 °C -65.5 -51.0
Freeze Point D5972 °C -69.4 -55.9
Electrical Properties
Dielectric Constant (400kHz) SwRI
-36.1°C - - 2.1459
-17.7°C -- 2.1200
0.0°C -- 2.0952
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Table I-1. Results for Camelina and Camelina / JP-8

SwRI Sample Code CL10-0278 CL10-0327
Camelina, HIR8 Camelina / JP-8
Test Method Units neat 50/50 Blend
(POSF6152) (POSF6184)
24.8°C - - 2.0628
52.2°C - 2.0290
83.9°C - 1.9869
Electrical Conductivity D2624 pS/m -- 290
Electrical Conductivity vs. SDA Concentration D2624
0 mg/L pS/m - 13
1 mg/L pS/m -- 627
2 mg/L pS/m -- 1248
3 mg/L pS/m -- 1659
4 mg/L pS/m -- 1971
Electrical Conductivity vs. Temperature D2624
-40.7 pS/m - 17
-30.5 pS/m - 23
-20 pS/m - 33
-10 pS/m -- 44
0.1 pS/m -- 70
10.1 pS/m - 121
20.3 pS/m - 234
30 pS/m - 303
40.1 pS/m -- 338
50 pS/m -- 361
59.8 pS/m - 410
Ground Handling Properties and Safety
MSEP D3948 rating - 73
Removal of Emulsified Water SAE 11488 TWA WRE ** -- Ta?)sl)éll-z
Storage Stability - Peroxides @65°C D3703
0 week mg/kg -- 0.13
1 week mg/kg -- 0.11
2 week mg/kg -- 0.57
3 week mg/kg -- 0.23
6 week mg/kg -- 0.00
Storage Stability — Potential Gums D5304
16 hours mg/100mL -- <0.1
Upper Explosion Limit (UEL), @100°C E681 % -- 4.3
Lower Explosion Limit (LEL), @100°C E681 % -- 0.5
Autoignition temperature E659
Hot Flame Autoignition Temperature °C - 225
Hot Flame Lag Time seconds - 163.0
Cool Flame Autoignition Temperature °C -- -
Cool Flame Lag Time seconds -- -
Barometric Pressure mm Hg -- 736.5
Reaction Threshold Temperature °C - 213
Hot Surface Ignition Temperature FTM 791-6053 °F -- 1250
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Table I-1. Results for Camelina and Camelina / JP-8

SwRI Sample Code CL10-0278 CL10-0327
Camelina, HIR8 Camelina / JP-8
Test Method Units neat 50/50 Blend
(POSF6152) (POSF6184)
Compatibility
Fuel/Additive Compatibility (4x treat rate) D4054B
FSlI effect - no separation
SDA effect - no separation
ci/u effect - no separation
MDA effect - no separation
AO effect - no separation
+100 (#1, P-39) effect -- no separation
+100 (#2, P-41) effect - no separation
+100 (#3, P-44) effect - no separation
+100 (#4, P-47) effect - no separation
+100 (#5, P-50) effect -- no separation
+100 (Blend) effect -- no separation
Elastomer Compatibility (O-Ring Tests) SwRI - FigureFiI;,rZilg-l;re -2,
Miscellaneous
Copper Strip Corrosion (100°C for 2 hours) D130 rating -- 1A
Smoke Point D1322 mm 24.0 22.0
Naphthalene Content D1840 vol% -- 0.51
Sulfur - Mercaptan D3227 mass% -- <0.0003
Acid Number D3242 mg KOH/g 0.003 0.005
Existent Gums D381 mg/100mL -- <0.5
Heat of Combustion D4809
BTUHeat_Gross BTU/Ib - 20073.5
BTUHeat_Net BTU/Ib - 18745.2
MJHeat_Gross MJ/kg -- 46.68
MJHeat_Net MJ/kg -- 43.59
Sulfur Content - (Antek) D5453 ppm 0.9 184.7
Scuffing Load BOCLE D6078 grams -- 1700
HFRR @ 60°C D6079 pm - 680
Ignition Quality Test (IQT) D6890
Ignition Delay, ID ms 3.686 4.036
Derived Cetane Number, DCN 53.94 49.22
Minimum Ignition Energy E582 m)J - 0.68
Sulfur Content D2622 ppm -- 206

**TWA WRE = Time-Weighted Average Water Removal Efficiency
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Table I-2. SAE J1488 — Camelina/JP-8

Fuel/Water Separation Test Stand
SAE J1488 Data Sheet

Test Number: 1

Filter ID: FL10-0017(6/6 & 1/6), FL10-0016(23/24)
Test Date: 4/30/10

Test Fluid Flow Rate (LPM): 7.6

Test Temperature (°C): 26.6

Pressure

Client: UTC

Project Number: 1.08.07.13.15498.01.101
Test Engineer: Kavitha Moorthy

Test Fluid: CL10-0327

Water Injection Rate (mL/min): 19
Water Saturation Limit (ppm):

Fuel/Water Interfacial Tension (mN/m)
Before Additive

BOT 34.9
EOT 31.5
MSEP Before Additive
BOT 74
EOT 53
Downstream .
Sample . . Free Water Content | Pressure Drop |Water Drained
. Time (minutes) | Water Content
Identification (ppm) (kPa) (mL)
(ppm)
1 0 47 5.6 0
2 10 28 0 5.6 1
3 30 36 0 6.8 3
4 50 66 17 7.8 73
5 70 84 36 8.5 0
6 90 59 11 8.8 400
7 110 122 74 8.9 326
8 130 83 35 9 273
9 150 42 0 9 223
Average Water Content (ppm): 2296
Time Weighted Average Water Removal
Efficiency(%): 91
Water from Test Housing (mL): 1300
Water from Cleanup Filters (mL): 0
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Appendix J

Tallow / JP-8 Data
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Table J-1. Results for Tallow / JP-8

SwRI Sample Code CL10-0932
Tallow / JP-8
Test Method Units 50/50 Blend
(POSF6406)
Chemistry
Hydrocarbon Types by Mass Spec D2425
Paraffins mass% 74.5
Monocycloparaffins mass% 11.0
Dicycloparaffins mass% 3.7
Tricycloparaffins mass% 0.8
TOTAL SATURATES mass% 90.0
Alkylbenzenes mass% 5.5
Indans/Tetralins mass% 3.3
Indenes mass% 0.2
Naphthalene mass% 0.3
Naphthalene, Alklyl+A130+A172 mass% 0.5
Acenaphthenes mass% 0.1
Acenaphthylenes mass% 0.1
Tricyclic Aromatics mass% 0.0
TOTAL AROMATICS mass% 10.0
Aromatic Content D1319
Aromatics vol% 9.40
Olefins vol% 1.30
Saturates vol% 89.30
Carbon/Hydrogen D5291
Carbon % 85.29
Hydrogen % 14.57
Hydrogen Content (NMR) D3701 mass% 14.61
Carbonyls, Alcohols, Esters, Phenols EPA 8260B/8270C -- Appendix L
Nitrogen Content D4629 mg/kg 3
Copper by AA D3237M ppb <5
Elemental Analysis D7111
Al ppm 162ppb
Ba ppm <100ppb
Ca ppm 159ppb
Cr ppm <100ppb
Cu ppm <100ppb
Fe ppm <100ppb
Li ppm <100ppb
Pb ppm <100ppb
Mg ppm <100ppb
Mn ppm <100ppb
Mo ppm <100ppb
Ni ppm <100ppb
K ppm <lppm
Na ppm <lppm
Si ppm 523ppb
Ag ppm <100ppb
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Table J-1. Results for Tallow / JP-8

SwRI Sample Code CL10-0932
Tallow / JP-8
Test Method Units 50/50 Blend
(POSF6406)
Ti ppm <100ppb
\ ppm <100ppb
Zn ppm <100ppb
Bulk Physical and Performance Properties
Distillation D86
IBP °C 164.7
5% °C 177.2
10% °C 179.8
15% °C 183.9
20% °C 187.3
30% °C 195.1
40% °C 202.2
50% °C 209.5
60% °C 217.6
70% °C 225.7
80% °C 234.2
90% °C 244.1
95% °C 251.2
FBP °C 258.0
Residue % 13
Loss % 0.9
T50-T10 °C 29.7
T90-T10 °C 64.3
Simulated Distillation D2887
IBP °C 119.0
5% °C 145.5
10% °C 160.0
15% °C 167.5
20% °C 175.1
25% °C 182.5
30% °C 189.0
35% °C 195.9
40% °C 200.6
45% °C 207.5
50% °C 211.9
55% °C 217.4
60% °C 2234
65% °C 229.6
70% °C 236.1
75% °C 243.1
80% °C 249.2
85% °C 254.7
90% °C 259.5
95% °C 266.0
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Table J-1. Results for Tallow / JP-8

SwRI Sample Code CL10-0932
Tallow / JP-8
Test Method Units 50/50 Blend
(POSF6406)
FBP °C 299.0
Vapor pressure (Absolute) D6378
0°C psi 0.13
10°C psi 0.20
20°C psi 0.24
30°C psi 0.29
40°C psi 0.36
50 °C psi 0.45
60 °C psi 0.58
70°C psi 0.77
80 °C psi 1.02
90 °C psi 1.35
100 °C psi 1.79
110°C psi 2.36
120 °C psi 3.13
JFTOT Breakpoint D3241BP °C
Test Temperature °C 325
ASTM Code rating 2
Maximum Pressure Drop mm Hg 0.10
JFTOT deposit thickness Ellipsometer not available
Lubricity (BOCLE) D5001 mm 0.550
Lubricity (BOCLE) vs. CI/LI Concentration D5001
0 mg/L mm 0.815
5 mg/L mm 0.710
10 mg/L mm 0.635
15 mg/L mm 0.610
20 mg/L mm 0.575
Kinematic Viscosity D445
-39.95°C cSt 10.06
-19.95°C cSt 4.73
25°C cSt 1.72
40°C cSt 1.35
Specific Heat Capacity E2716 kiJ/kg.K Table 3
Density D4052
5°C g/cm® 0.7880
15°C g/cm’ 0.7806
25°C g/cm® 0.7733
40°C g/cm’ 0.7625
60°C g/cm® 0.7474
80°C g/cm’ 0.7325
Surface tension D1331A
-12.2°C mN/m 27.2
22.5°C mN/m 24.9
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Table J-1. Results for Tallow / JP-8

SwRI Sample Code CL10-0932
Tallow / JP-8
Test Method Units 50/50 Blend
(POSF6406)
41.3°C mN/m 23.4
Isothermal Tangent Bulk modulus @ 30°C D6793
0 psi psig 194589
1000 psi psig 205653
2000 psi psig 217020
3000 psi psig 228691
4000 psi psig 240665
5000 psi psig 252943
6000 psi psig 265524
7000 psi psig 278408
8000 psi psig 291596
9000 psi psig 305087
10000 psi psig 318881
Isothermal Tangent Bulk modulus @ 60°C D6793
0 psi psig 166688
1000 psi psig 177595
2000 psi psig 188846
3000 psi psig 200439
4000 psi psig 212375
5000 psi psig 224653
6000 psi psig 237275
7000 psi psig 250239
8000 psi psig 263546
9000 psi psig 277195
10000 psi psig 291188
Thermal Conductivity SwRI
0°C W/m.K 0.1111
25°C W/m.K 0.1100
50°C W/m.K 0.1090
Water Content D6304 ppm 45
Water Content D6304
5°C ppm 34
20°C ppm 56
40°C ppm 142
50°C ppm 423
Flash Point - Tag Closed D56 °C 51
Freeze Point (manual) D2386 °C -48.0
Freeze Point D5972 °C -53.9
Electrical Properties
Dielectric Constant (10kHz) SwRI
-33.0°C - 2.1502
-17.1°C 2.1269
0.8°C 2.1051
19.9°C - 2.0771
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Table J-1. Results for Tallow / JP-8

SwRI Sample Code CL10-0932
Tallow / JP-8
Test Method Units 50/50 Blend
(POSF6406)
39.3°C 2.0524
79.9°C 2.0011
Electrical Conductivity D2624 pS/m 357
Electrical Conductivity vs. SDA Concentration D2624
0 mg/L pS/m 3
1 mg/L pS/m 233
2 mg/L pS/m 429
3 mg/L pS/m 622
4 mg/L pS/m 811
Electrical Conductivity vs. Temperature D2624
-40 pS/m 30
-30 pS/m 68
-20 pS/m 102
-10 pS/m 121
0 pS/m 154
10 pS/m 187
20 pS/m 306
30 pS/m 375
40 pS/m 476
50 pS/m 718
60 pS/m 1061
70 pS/m 1571
80 pS/m >2000
Ground Handling Properties and Safety
MSEP D3948 rating 85
Removal of Emulsified Water SAE 11488 TWA WRE ** Ta?)lgégj»z
Storage Stability - Peroxides @65°C D3703
0 week mg/kg 0.000
1 week mg/kg 0.456
2 week mg/kg 1.256
3 week mg/kg 0.571
6 week mg/kg 0.570
Storage Stability — Potential Gums D5304
16 hours mg/100mL 0.00
Upper Explosion Limit (UEL), @100°C E681 % 4.3
Lower Explosion Limit (LEL), @100°C E681 % 0.5
Autoignition temperature E659
Hot Flame Autoignition Temperature °C 223
Hot Flame Lag Time seconds 186
Cool Flame Autoignition Temperature °C -
Cool Flame Lag Time seconds -
Barometric Pressure mm Hg 735
Reaction Threshold Temperature °C 212
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Table J-1. Results for Tallow / JP-8

SwRI Sample Code CL10-0932
Tallow / JP-8
Test Method Units 50/50 Blend
(POSF6406)
Hot surface ignition FTM 791-6053 °F 1200
Compatibility
Fuel/Additive Compatibility (4x treat rate) D4054B
FSlI effect 1" Run: Some Separation

2" Run: No Separation

SDA effect no separation
ci/u effect no separation
MDA effect no separation
AO effect no separation
Additive Cocktail (MDA, AO, SDA, CI/LI, FSII) effect Some Separation
+100 (#1, P-39) effect no separation
+100 (#2, P-41) effect no separation
+100 (#3, P-44) effect no separation
+100 (#4, P-47) effect no separation
+100 (#5, P-50) effect no separation
+100 (Blend) effect no separation
Elastomer Compatibility (O-Ring Tests) SwRI FigureF:;,rZijg-L;re -2,
Miscellaneous
Copper Strip Corrosion (100°C for 3 hours) D130 rating 1A
Smoke Point D1322 mm 24.2
Naphthalene Content D1840 vol% 0.44
Sulfur - Mercaptan D3227 mass% <0.0003
Acid Number D3242 mg KOH/g 0.003
Existent Gums D381 mg/100mL <0.5
Heat of Combustion D4809
BTUHeat_Gross BTU/Ib 20111.40
BTUHeat_Net BTU/Ib 18782.20
MJHeat_Gross MJ/kg 46.77
MJHeat_Net MJ/kg 43.68
Sulfur Content - (Antek) D5453 ppm 181
Scuffing Load BOCLE D6078 grams 1650
HFRR @ 60°C D6079 um 710
Ignition Quality Test (IQT) D6890
Ignition Delay, ID ms 3.987
Derived Cetane Number, DCN 49.82
Minimum Ignition Energy E582 mJ 0.63
Sulfur Content - (XRY) D2622 ppm 198

**TWA WRE = Time-Weighted Average Water Removal Efficiency
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Table J-2. SAE J1488 — Tallow/JP-8

Test Description SAE J1488 Test No 2
M1A1,
Test Engineer Kavitha Moorth Filter ID, Sponsor !
g Vi L/ P uTCH#3
Test Fluid CL10-0932 Test Date 8/20/2010
Vacuum/Pressure Pressure Igst Temperature, 25
Test Fluid Flow Rate 7.6 Water Saturation 110
(Ilpm)
Water.ln]ectlon Rate 19 SWRI Filter 1D
(mL/min)
Work Order No TN 100555

Fuel/Water Interfacial Tension(mN/m)

Average
Upstream Water
Content, ppm

2426

Time Weighted
Average Water
Removal

99.9

Total Water from
Test Housing,
mL

1910

Water from
Cleanup filters,
mL

Before 26.4
MSEP
Before 43
Sample ID Test Time Upstream Water Downstream Water Pressure Drop | Water Drained from
P (minutes) Content (ppm) Content (ppm) (kPa) test filter (mL)
1 0 110 86 0 8 0
2 10 2680 68 0 8.7 85
3 30 1840 121 11 9.2 189
4 50 2390 63 0 9.4 237
5 70 2000 66 0 9.7 259
6 90 2610 102 0 9.8 241
7 110 2970 45 0 9.9 318
8 130 2440 52 0 10 306
9 150 2480 60 0 10.2 275
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Figure J-1. O-ring Tensile Strength — Tallow/JP-8
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Appendix K

EPA Test Data — Camelina and R-8
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[ Columbia

- .
Aﬂﬂl}ftlcal SEWIGE'E" AT25 E. Arlanta Avenwe, Phosaix, AZ 85040 | 502-437.0020 | wwn caslab Garm

April 28,2010

Scott Hutzler

Southwesl Research Institute
Q503 West Commerce

Sun Antonio, TX TE227-1301

RE:  14406.05 001
Work Onder Mo 10030397

Dear Seott,

Columbia Analytical Services, Ine. received 4 samples on 3/18/10. The results of the analyses are
presented in the following report,

The Case Narrative of this report addresses any Cuality Control andfor Quality Assurance issues
associated with this Work Order.

Analyses were performed according to our laboratory’s MELAP-spproved quality assurance
program. The test resulls meet requirements of the current NELAP standards, where applicable, and
except as noted in the laboratory case narrative provided. For a specific list of NELAP-aceredited
analytes, refer to the certifications section at www.caslab.com. All results are intended to be
considered in their entirety and Columbia Analytical Services, Inc. (CAS) is not responsible for use
of less than the complete report. Results apply only to the items submitted to the laboratory for
analysis and individual items (samples) analyzed, as listed in the report.

[f you have any guestions regarding these test results, please feel free 1o call us at:
{602} 4370330,

Sincerely,

Skip Harden
Project Manager

ADHS Livense No. AZD133/AZ066T/AZM1 33
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CS Columbia

.- Analytical Services~
Client: Southwest Research Instiute
Work Ohrder: 10030397

Project Mame:

Project Number: 1440603 00

Case Narrative

Results are reported on a wet weight basis unless dry-correction is denoted in the units feld on the
analytical report {("mgkg-dry "L

All method blanks, labomtory spikes, and/or matrix spilkes met quality control objectives for the
parameters associated with this Work Order except as detailed below or on the Data Qualifier page of
this report. Data Qualifiers used in this report are in accardance with ADEQ Arizona Data Qualifiers,
Revision 3.0 92002007,

Drata qualifiers ("flags" ) contained within this analytical report have been issued to explain a quality
control deficiency, and do not affect the quality (validity) of the data unless noted otherwise in the case
narmalive,

The samples were received intact al a temperature of 22.7 degrees C. A valid chain-of-custody was not
received,

510 Analytical Comments for Method SW&2608, Samples 10030397-01 and 03, Batch 3603: The
surrogate recovery 15 above acceptance criteria due o matrix interference.

MI: Analytical Comments for Method SWE2T00, LOS/LOSD, Batch 5635: Target analyte recovery
was below the default laboratory limits. No historical control lmits have been generated yet for
LOUS/LCSD recoveries.

i el
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Columbia Licemse N M
- . . License Mo, AZO|33/AZMI3S
£ Analytical Services- " :

CLIENT: Southwest Research Institute CHSE Narrative
Project Name:

Project Number:  14406.05.001 Data Qualifiers
Work Order: 130397
Dhate Received: 18-Mar-11

One or more of the following data qualifiers may he associated with your analytical andfor quality contral data,
L ¥ ¥

D1 Sample required dilution due to matrix,
02 Sample required dilution due to high concentration of target analyte.
Ll The associated blank spike recovery was above laboratery aceeptance limits.
() The associated blank spike recovery was below laboratory acceptance limits.
M1 Matrix spike recovery was high, the associated blank spike recovery was acceptable.
NI See case narrative.
09 Insufficient sample received 1o meet method QU requirements.
S0 Surrogate recovery was above laboratory and method acceptance limits. See Case Narrative.
58 The analysis of the sample required a dilution such that the surrogate recovery caleulation does not provide
any useful information. The associated blank spike recovery was acceptable.
Wi CCV recovery was above methed acceptance limits. This target analyte was not detected in the sample.
I ofl
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£S Columbia
- Analytical Services-

License No.

AZDIF3/AZM 33

CLIENT:
Project Name:
Project Number: 14406.05.001
Wrl Order: 1030397

Southwest Research [nstinste

Work Order Sample Summary

Client Sample 10
CLID=(H278

Lab Sample 113
THIEO39T-0 A

CLIO-00327

[O030357-024

CLIO-M324

[DO3039T7-03 A

CLIO-00425 10030397044

Test Code
SWEZA0E
SWE2ANTIC
SWa2T00C
SWE2TOTIC
SWRIOOHE
SWE2GOTIC
SWARZTOC
SWRITOTIC
SWR260E
SWER2ANTIC
SWE2T0C
SWE2T0TIC
SWa260R
SWE2AOTIC
SWa2T0C
SWR2TOTIC

Caollection Date

Date Received

SOTEAD 1250 PM
3OR012:30 PM
SABN0 1250 PM
R0 12:30 PM
B0 P20 PM
1RO 12:30 PM
RO 1220 P
SAIE012:30 PM
B0 12:30 PM
SOARAD12:30 PM
810 12:30 PM
IOB012:530 PM
3180 1230 PM
180 12:30 PM
VG0 1230 PM
B0 1230 PM
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Cﬂlumhia License Mo, AZDII3AZMIIZ
é— Analytical Services"

CLIENT: Southwest Research Institute
Project Name:

Project Number: 14406035001

Waork Order: 10030297

Date Received: 18-Mar-10

References

Columbia Analytical Services, Inc. uses the methods outlined in the foll owing references:

Code of Federal Regulations, 40CFR, Part 136, Appendix A, July 2005,

Standard Methods for the Examination of Water and Wastewnter, 20th Edition, 1998,

Methods for Chemical Analysis of Water and W astes, EP A=600/4-79-020, Revised March 1985,

Methods for the Determination of 1no reanic Substances in Environmental Samples, EF A/GOO/R-93/ 100, Revised Augiesi
1993,

Methods for the Determination of Metals in Environmental Samples, Supplement |: EPA/GINR-94/1 1 |, Revised May
1994,

Methods for the Determination of Organic Compounds in Drinking Water, EPA/GONA-R84030, Revised July, 1991 ; EPA-
GO0MA-G0020, Supplement 1, Tuly 1990; EPA-60HR-02129; Supplement 11, August 1992, EPA-000/R-25/131, Supplement
L August 1995,

Hach, Water Analysis Handbook, 3rd Edition, 1997,

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, 1984 including Update I, July
1992 Update 11A, August 1993; Update 11; September 1994; Update 1B, January 1995 Update 11, December 906,
Lipdate ITTA, June 1999; and Update 1118 July 20035,

Bureau of Laboratary Services, State of Arizona Department of Health Services Method 801 5AZ R, September | 998,
(Comment: CH-C10 GRO reported by this method is not (o be used in complianee situations)

ASTM MethodD4982, Annuz | Book of ASTM Standards, Valumes 1101 and 11032, 1995

The Determination of Polyehlorinated Biphenyls in Trans former Fluid, and Waste Oils, EF A-600 4-8 045, September
1982,

EPA Method 901 3A, Cyanide Extraction Procedure for Solids and Oils. (Rev, 1 November 2004)

EPA Methed 5035 A, Closed-5 ystem Purge-and-Trap and Extraction for Velatile Organics in Soil and Waste Samples (draft
rev. | July 2002)

EPA Method SIR0C, Purge-and-Trap for Aqueous Samples (rev.3 May 2003)

Office of Ground Water and Drinliing Water Technical Support Center, EPA §15-R-05.004, Manual for Certification of
Drinking Water, (5" Edition January 2005)

Tafi
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[ Columbia
—-> Analytical Services-

License Mo,  AZ0133/AZM133

CLIENT:
Work Order:
Lal 10
Project Mame:

Southwest Research Institute
10030397
1003039701

Project Number: [4406.05.00]

Client Sample 1D: CLIO-DO278

Collection Date:

Martrin: Liguid

Dae Date
Analyte Result POL Qual Lnits DF  Prepared  Analyzed Analyst  Batch 1D
© TESTWETWOD: SWIZF0C  PREP METHOD: SW3S0A Test Parformed By AZ013Z
Acanaphihens <5000 5000 ot myig 5 MEIIERDD KINDiE4D JH 35
Acenaphthylens <5000 00 a3} mgikg 5 AEEND 00 ELDURESH JH 5538
Anthracens <5000 000 Lz ik S0 T 408 JH B
AznDenzane <5000 5000 o1 iy 51 MWD 4NN 10 JH B3
Benz|alantvacen: <5000 5000 ™ iy G0 MNMITOR 40190 JH i
Benzalajayres <500 5000 )] gy 50 FNHOTOU  4RND 843 JH G636
Berealbliuaranthene =5000 5000 o] g 50 TR0 ArHD 1045 JH GR35
Bermajy, b, oerdene <500 5000 o milkg 50 HEAD T AN EAG JH 5E35
Banzodkliranthans <5000 5000 [ kg 50 WEAGTOD ANHo iRl JH 5615
Banzoic i <FAIn T4000 iyl Mg S W0 R00 A0 1E4D JH 5835
Banzyl aloohol <50} 5000 if] mgg 50 AAOEHD &weiRAl W 5595
Bis|2-chiomathoey) meghans <AL 000 o1 mai¥g 50 D T00 e T R H 538
Bis|2-chicraetyfether <5000 SO0 o1 gk =) WA TH 0 1540 H 5535
Bis| 2-chloroisaproppijether <5000 5000 D1 mgiko 50 A0 T0 A0 1540 JH [Ty
Bis{ F-gthythaxd)phithalata <5000 500 oi mgikig 51 AERIDTOG A iEan Y B
A-Bromoghenyd phany| athar <500 SO0 o1 kg & N0 T A{H) 184 H 03
Bulyl benzy phihalate <500 S0k [l mkg il 0700 AAED e JH 585
£-Chi-3-mesylhenc <5000 5000 o] mgikg S MEI0TO0 4ADIRAS M s
4 Chigreaniing <E300 4804 [} iy 80 WMASTE0 A0 EA IH 5635
2Chigrosaphihalens <5000 5000 ] moiky 50 IMADTO0 40 TR4s JH 5535
2Chiorophanal <5 5000 b1 g 50 IMART0 401648 JH S5
4-Chlaraphenyl pharyl efher <50 00 m gy 50 IBATH0 #0184 Jr W
Chryzeng =000 K] m gy 50 AEEA0 T 10 1540 JH 655
Cin-butd prthatale <5000 5000 o mg kg Al IEADT00 A0 184 JH 525
Ci-nelyl phihalabe <5000 00 m g 53 QERMNE0D 401540 H 5635
Dibenzfah farilhracer <50 E000 o mgHg 500 EmMOTO0 4054 JH 535
Cibanzoduran <5000 5000 D1 mao 5} ATAITO0 40 Edd M 535
12Dk senmne <500 000 m gy 1] A0 T 40 154 JH 5535
1 Dichiombenzene <500 S0 o kg 53 N0 T EULURETH] JH 5335
1.4-Dichioronenzene <5000 5000 1l g 5 AER0T0) ABADE4Y M 535
3% -Dichkrobenziding <2500 25000 o L2 gy 51 AMNITI0 4D 1R H S5
£d-Dichiorophenol <5004 5000 ot mgkg 0 MINTE 4 &S H L]
Dietht phitakate <5000 5000 ot mgKg 5 MM Ao iede H 535
Dimethyl phinalate <5000 SO0 o gy 5 RERND 00 ERLIRETE] JH 35
24-Cimathylphanal <500 000 b L2 iy 51 WIBMDTOD 4RAD & H I
4.5-Cinifrg-2-mesyiphenal <5300 Ba00 1] mgg il AE 700 A 16 JH E
2A-Dinitraphenal <500 Ll i} mgig S EIENOTO0 ANAD R M EE
2 4Dinitrslclusns <500 5000 [l myikg i WN0TO0 N0 1R H i
25-Dinitratoluana <600 5000 M mgiKg 50 EMMOTOD ANMD 1B iH i
Fhipeanthes <50 5000 o makg 0 KHII 4ANDIEe IH i
Flusrgna <5000 il W] mgkg 50 EMAGTOD  AMAM0 1Ea JH 1)
I af i6

Confidentinl and Privileged
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f_ Columbia License No,  AZ0133/AZMI33

- Analytical Services-
CLIENT: Southwest Research Institute Client Sample 1D: CLI0-00278
Waork Order: 1030397 Caollection Date:
Lab 11 10030397-01 Matrix: Liguid

Project Name:
Project Number: [4400.05 000

Drate: Drate
Analyte Result POL Qual Urits OF  Prepared  Analyzed  Analyst  Baich 11D
Hexachlombenzans <5000 S000 )] mglkg Al D 700 ENRHRTR ] JH G626
Hexaehiothutadiena <5000 200 ™ kg 5 WWRH 4MIRdE M 5518
Hexachiomeytiapentadiana <5 5000 i3] kg 50 AE0TO0 4NMD iEdd JH 5535
Hexachiomethane <5000 5000 i} nigikg 5 WEAIORDD @10 iE49 JH 5635
rdera(1,2,3-pd pryrere <500 5000 iyl myig 50 RO R0 A0 14D JH 5535
Bphorong <HIb0 000 o Mgy il G0 00 110 1T JH 5338
2-Methyinaphihalkene 1] 5000 01 gk S M0 ANAG R4 H 5
2-0ethyiphencl <5000 A0 o1 maka ] 0 T AN 18 JH IR
A-eshylphens! <S50 A000 o1 mykg S0 IMENDTOR A0 1840 H E63E
H-Hitrasodi-n-prapylamine <5000 5000 o1 myky 50 A0 T0 A0 184 JH 5636
H-Hilrasediphenmydaming <3000 5000 DLz gy 80 LMA0TED 4110 1345 H 5635
Hapithalens <5000 5000 m iy 50 AAOTON AMA0 8% JH 5515
Hioenzene <5000 i) [ kg 50 M@0 A%0 184S H 5515
2htrophensl <5000 S000 o gy 71} AR T AV B4 JH 535
d-hidrophesd <1500 15000 C1 g 5l AN T AHRD 1649 JH 515
Pentachiamphens <4500 S0 M mylg 5 MBI &0 1848 JH L
Fhenanthens <5000 5000 B gy 5 MIRMOT0) #1010 1E49 H 5635
Phescd <5300 5000 ] mygig S MIE0TE 4MA0 184D J S
Pyrani <5000 5000 ™ gl 51 WIBOT0 ewniEds M 55
1.2 4-Trictilorobenzane <50 5000 m gy 0 XN awioiEe H HE
4 B-Trichiorophencl <5000 5000 ™ myig 0 EENTEG 4nn01sa H i
2-Chlorophenol-d4(Sumogate) i} §2-148 ) WRELC ] WXL T A0 1EaE JH S
1,2-Dichiorobanzene-d4 [Surcgats) 0 Gd-4E 2] WREC 0 EMOOTO0 AP0 1E4D H i
BFhiorkhenyE Sumogate) o 5did2 4 HREC 80 EENIDIL0 4wioiEM M 63
2 Flunmophenal| Surogasa) 1 B-144 ] WREG 50 2600700 A0 184D JH Sh35
HRCOenzene-a5] Surgile) T 5ME =4 %REC 50 UEAOTOD 4100 149 JH 5635
Fhenal-di{Surgale} 51449 =3 ®REC 50 EAOTO0 4ROk JH 5636
d-Tarphanyhdid{Surragate) 4 5844 8 WREC S0 LEAGTO0  AAND R4S JH 5635
24 B-Tribromapheral Sumregale) 0 a3 58 WREC S0 MEEOFD AAAD iR IH fhidn
SWS0F5A Tas! Perfurmed By AZMTI
heetone <4 i) o miykg S0 EENING 3RO B i
Berzang <24 25 o L] S IEMNIOII MM NeSE B 21K
Bramabenzan: =12 12 b1 Ky S5 WMDY WMODlasE Be K]
Bramashiaramethans <25 5 [l kg B FREOIAY A B L]
Bromodichisrameaihane 25 25 o molkyg 50 B Traty AR TR T (T B PR R BH 5613
Bramafoom 450 50 1] ma/kg L I LR LR R T T FR S S P 55
Bromamethans <25 i 5 mykyg B IIA0IAT IMADSE Sil%
Butancne <25 25 I mglkg B IAM0INE UM SR B EH]
n-Butylbenzara <12 12 M mgikg 5 MEAOIIA3 IMADIESE i L= ]
ser-Butybanzens <12 12 i3] morg B IEDINAS TMADILSE K =]
lari-Bulylberzene 12 12 g ] 51 V@IA01E AMADIESE B L]
Carbon diulfide <26 25 D1 mKy 51 WEI0IRIE ABMADIEEE AR LK)
2afia

Confidential and Privileged
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é' Columbia
—-> Analytical Services-

License Ne.

AZDI3IIFAZMIIS

CLIENT: Southwest Research Instinge
Waork Order: 1030307
Lalb 11y THHI20397-01

Project Name:

Project Number: 1440605001

Client Sample 1D CLI0-00278

Collection Date:
Matrix: Liguid

Druate Date
Analyte Result POL - Qual Units  OF Prepared  Anslyzed Analvst  Bateh [
Carbon telachloride <25 25 Dt ma'kg 1 MINI0HAT M0 AESE pK ]
CHombenzeng <28 25 1] mgly 50 VEMIOID NN SE B [
Dibrmochiormethane “25 25 o mgig 50 MEMOID SBNNEE BK 5503
Chipeoetharm <23 o] o mgikg B0 A0 AMADICSE |k 03
Chioefiorm 215 15 ] myiky B0 WMARINTE IMAD AR 3K S
Chiommelha: <25 bl 8] gk B0 MEWIDINIE IMAO4SE BE 03
ELnknokHuene <12 12 o myikg B0 REAIIAY IMAOME BK 5503
A-Chianogluens <12 12 o iy S0 WIM0OMHE A0 MG BK 5603
1,2.Diiome-1-chisroprooana <25 25 o mgiig S0 BIAM0AE 30 148G BH 5603
1,2-Dibrcencethane <25 25 o mglkg T TR TH O VU R T Ty G603
Dibromamethane <12 12 o1 kg 50 MMID3 D4 gK 56013
1,2-Duchiorobenzene <25 25 1)) mikg S JIEIUAY IMMDMEE BK i)
1.3-Dichlombenzens 2A 25 o magikg AN Ly R A R A R E Bk e K]
1.4-Dichlarabenzens <25 25 bl malkg 50 LEMOOI) MMM0MSE BK 6603
Dichiomdifiaramethane <25 5 DLV mog¥a 50 LRAATA) MMM pK 5403
1.1-Dichlanoethars <25 25 ol mgig B0 MEARILAD MMuOwsE gk 03
1.2-Dichloroathane <15 25 [l mygikg SO WENIGALNE HAMDWGG Bi 5603
1.1-Dichioroathane <50 50 ™ makg 50 MEUI 1193 VBMAOIEE g i)
rig1, 2-Dichlcroathans <25 25 5yl kg S0 BENMENE 1A0 M58 BK G053
Irams-1,3-Dighloroethene <25 25 o1 gy G0 REMWAIE UMADI4ES BN SG13
1,2-Dichioropropana <25 25 01 maky G0 REMOIE AMA04:6E EK Eri
1,3 Dichiorspropana <2 12 o1 iy 50 BAMIMATIE wmMn04ss BK Ead
2.4-Dichisrapeopana <17 12 m miky B0 RERA0I1Y U0 4R B o)
1,1-Cichlorapengens <1 12 o1 kg D EEMIBAEIY NANIGMEE BK 56
cs-1.3-Dichlrapropana <25 25 o1 miyky 50 MEMMOOAL MAI04E BK 5600
trars-4,3-Dichinmpropana <25 25 D1 mikg ) WENOOA O MMAD M B 00
Ethylbenzene 50 54 02 ety RO A0S B 551
Haxachlorobutadiane =25 25 Dt 'y )} TEAOMAT NMND s BK. 55
EHaxanane 25 25 D1 mat HoOWEEOI MRS BK 50
Iodomithane =25 25 ot (IR 5} MIOMAT WD MG BK 51
Isoprooybanzene =12 12 D1 mafkg ] IO WD G BE. 5:03
d-lsoprogniioiisana =12 12 i} iy &) Wm0 BRI GE pK 5
Melhylene thianide ] ] o mgig S PO MO B 55003
d-Methyl-2-pentanone <25 25 Dt mgg S WENOUNT O FMM0WSE B 503
Methyl ert-buty| et 12 12 o mgleg S0 MO RN BK i}
Haphhalene <12 12 o1 mglg 50 1@EANI-EE WMMDEE PR L]
n-Popy Benzene <12 12 m gy A1 @M RMADS pR 50
Etyrenz <12 12 ] gy 50 A0 N0 S BK 3
1,1.1,2-Tatrachlcrosthans =12 12 K} m g 50 AEEAOAER SOMN0 BESR K =03
1,1.2,2-Tatrachlrosihane <50 50 ] myhig 50 AT MMAOTESE  BK iy
Telraciamathana <E5 5 o1 myiEg A0 AEMIOITIE MMAOTHEE B 503
Teshsaniz <50 50 o mgikg 50 IEAGTTYY AMAOIESE  BK 503
1.2, 3 Tichlerstanoane <t 2 ™ myKg 60 MENIILIR LMA0EE B 603
Jafie

Approved for public release; distribution unlimited.
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: C0|UMPi& . License No.  AZDI33AZMIIS
é Analytical Services-

CLIENT: Southwest Research [nstitute Client Sample 1D; CLIO-00278
Worl Order: 10030397 Collection Date:
Lab 1D 1030397-01 Matrix: Liguid

Project Name:
Project Number: 14406.05.101

Date Crate
Analyte Result FOL  Cual Units  DF Prepared  Analyzed Analyst  Batch D
1.2 4-Trichiceoberzana <13 12 M gk 0 BN IMA0IEE Rk 5600
1,1,7%-Trichlercethane <25 5 o ko S0 3EENNNI IMA0Ms B8R ]
1,1, 2-Trichknaethana LE] 15 o Tty ) MERWITEE UMAR4EE BE 5603
Tichioreefens <25 5 o maky b N Ty [ B O T LR T Bi 5503
Trichiarafluomenehans <25 25 [nf] makg & AZIMOITEE UM 1456 BE 543
1, 2.3-Trichioropropans: <12 12 1 ma/lg & IEAMITIE LD s BE A
1.L4-Trimethylbenzens [x] 12 o2 L e B0 JEMAT HA0EEE BK S
1.3, %Trimathylbenzens 54 12 o2 myfkg 50 MEA0103 300 s Ak SE
Viryl acalate <25 5 o mgiKg 50 A0 Ma0esE BK B3
Wingl chloride <25 5 o mgig 50 RN SOWI0I46E K 5600
Kylenes, Total ™ 74 6| mgike S0 WA 3014 = 550
A-Bramalluorobenzane{Sumogale) A5 62123 510 WREC B M0 145 B 2]
1.2 Dichlroathana-dd{ Sumogete) 12 54133 SREC 50 W0ty W 456 Bi e
Db efunromethans{Sumogate) 158 82440 50 HRREC S0 MRFIONIT IMADMS% BK 503
Tokene-dB| Sumogals) 251 B3-126 510 HREC Sl LIS A 1446 BK Al
ERC R

Conlidentinl amd Privileged
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TENTATIVELY IDENTIFIED COMPOUNDS
EPA METHOD 82608

CLIENT: Southwest Research Institute Client Sample 1D: CLI0-00278

Waorl Order: 1130357 Collection Date:

LARE 11 1A Matrix: Liquid

Project Name: Date Prepared:

Project Number: 14406.05.001 Date Analyzed: 3252010

N, CAS S Compound Name | Amaount
| (mgKe)

| 111-84-2 Momane ] JE0K

2, 2847-72-5 d-Methyldecane ) 140

3. 62338-14-] 3.3.6-Trimethyldecane 500

4. 112-05-§ Eicozane A0

5, G20-50-5 Tridecane 4400

fi. H2016-37-9 2,4, 6-Trimethyloctane 3700

7. 2980-09-0 4-Methylundecanc . 4001

8. 22106-33-3 3-Methylogtang 2800

4 501 1-04-6 3-Methylnonang | 2200

0. 124-18-3 Decane Raon

I fi4-17-3 Ethanol {present but below guanitation limits)

12, | |

E i

Walues reported for Tentatively ldentified Compounds are estimated.
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CLIENT:
Work Order:
LABR ID:
Project Name:

Project Number:

TENTATIVELY IDENTIFIED COMPOUNDS
EPA METHOD 8270C

Southwest Research Institute

LOO30397
=004

16 05 (0 1

Client Sample 1D;
Collection Date:
Matrix:

Date Prepared:
Date Analyzed:

CLID-278
Liquicl

32320100

MNa, CAS#H Compound Name Amount
| (mgihig)

1. 3221-31-2 2-Methyloctane 145000

2. 871-83.0 2-Methylnonane T2000

3. 6975-98-0 2-Methyldecine 14000

4 13151-34-3 I-Methyldecane [EIET

5. 17301-94-9 4-Methylnonane | 7000

6. 13151-35-4 §-Methyldecane 13004

7. 111-84-2 Monane 24004

i _13150-81-7 2.6-Dimethyldecane 1401006

9. T

19

il

1z,

13

14, i

Values reported for Tentatively ldemtified Compounds are estimated.
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£ Columbia
—- Analytical Services-

License Mo,

AZMINAZMI53

CLIENT:
Waork Order:
Lal 11
Praject Name:

Southwest Research Instine
10030597
THE0307-02

Project Number: 14406.05.001

Client Sample 1D:

Collection Date:
Matrix: Liguid

CLI0-00327

Date Date
Amalyle Result POL CQual Units:  DF Prepared  Analyzed Analyst  Batch [D
" TESTHEIMOD: SWRIOG  PREPMETHOD: SWISHIA Test Parformed B AZE1
fAegnapieng <5000 5000 Df g S MEI0T 44010 18:3 JH 5635
Acanaphiilesne =R000 5000 o gy a0 A 700 AT 183 M 635
Anthracene <5000 A0 oLz myiky ] A0 R0 FUREE L] JH 235
Azabenzen <5000 5000 ] myig 50 MERTR0 40003 JH 5635
Banalajant wacene <5000 S0 o] gty 500 AR awoma H %5
Banzofa|pynens <50 2000 M maig 50 AT AMA0 138 JH 5636
Banzefhjlirantena <5000 5000 o iy S0 MERMTM LmH0RE M 5635
Benzolgh,|pesylne <5000 5000 M mgiig 50 REMORI0 W01RM W 5635
Benzalkluorarthens <5000 5000 53] g 5 WM 4A0IEN M 5635
Benzais aciy <7400 T4000 o ity 5B HMMOTIG AAMREH JH 5635
Benzyl alcohal <5000 5000 1} iy Eb o MM 40n0ieM JH 55
Blef2-chlanasthany)mathane <5000 5000 ot milkig 51 WEAOTOR 400 JH 5535
Bisi2-chlameihy jlher <5000 500 o1 it 5 IEAGTH A9 M 535
Blis(2-chionos pprogy (| e <500} 5000 il mixkyg 50 LEHO 700 A0 1 JH A3
Bisf2-athylhexyliphthatate <5000 00 ol mglig S ACEAOTOD AN T 535
4-Bromaphand phanyl esher <500 000 [0} mpity il A0 T 00 Aritin 1554 M 5535
Buly? beray! phihalate <5000 5000 sl gy &0 RIE SRR ] A0 1654 JH 5535
A-Cakprg-J-malhphenal =500 000 [n} gy al W ArHD 13 JH S35
A-Crikarcsani s <3900 5300 ] riglg 50 WERARID @iM0m3s JH 453
EChiranaphihakng <5100 5000 i3] gy 50 EIOFO0 @iM0nae H 1+
EChlangphine! <5000 5000 i3] iy 50 MEHIDTH @ii0in3s JH 2.3
4-Chiroemenyl phesty| athar =500 000 01 myikg 50 D TN A0 153 H 5636
Chrysane <50 5000 o1 makg 50 M0 TH0 U018 H IH 5635
Cien-butyl phifialate <50 5000 01 maikg B BERIDTO0 gUeiEM e 5535
Dl-rroctyl prihatae <EHHD 5000 01 mi'kg il HEAO T HUTE 13 JH fodh
Dibenzla hlanthracane <SOM0 5000 [} ] kg 50 A TO0 WA IEH JH 5535
Ditenzafuran <50 5000 1] mafkyg B EA0TED WUIRIEM JH 515
1,2.0ichigrabenzeng <5000 5000 1] m'tg 5 NEAOTOD 4HA01EM JH 515
1. -Dlehkarabenzera <5000 i} o1 kg 51 NEAOTIO AMI01EM JH 545
1.4 Cichlarabenzung <500 5000 [} ma'kg 5 MEBAOTOD A0 1EM I 5
3 Detioeobarziding <25000 2500 DtL2 mafkyg ) WRAOTOD A0 1EM I 5515
2 4-Dichiarophanol <5000 IO o1 mgiKg S WEAOTED A0 18 I+ et
Digthyl phifalats <500 50 o1 mipky 51 A0 T A 153 JH E15
Direthnd prithalats <500 500 ot kg S WEIOTE AN IEM JH 5635
EADimegyiphensl <5000 500 oLz kg 0 WEAGT A0 M 535
4,6-0linfiroe2-mezthylphanal <BE0 Fa o1 g 10 VWMADTOR A0 13 JH 5235
EA-Dinfioghencl <A 5000 o ey 51 WEAOTAD A0 1M I 5535
24-Dinitrodoluens <5000 00 o mglkg 51 WRAOTO0 4010138 H el
2,6-Dinfimiokiena <500 5000 o1 mgg 0 VAR T A0 1934 e 6635
Fuaranthana <50 000 o mafkg ) WRADTOG 40 1M M 535
Fluareni <5000 000 o mafg 50 AEARTO0 AN/ EM H 535
Fafie

Approved for public release; distribution unlimited.
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[ Columbia

—-> Analytical Services~

License Mo,

AZDIIIAZMI23

CLIENT:
Waork Order; 10030397
Lab 1D: | O030397-02

Project Name:

Project Number: 1440 05 001

Southwest Research Institute

Client Sample 1D: CLIO-00327

Caollection Date;

Maitrix: Liguid

Drate Drate
Analyte Result POL  Qual Units ~ DF  Prepared  Analyzed Analvst  Batch ID
Hemachlorobenzens <5000 500 ot maty 50 2 TR Artim 18:34 M GEi5
Herachlorobutaciene <5000 5000 [uki madki 50 IBEMOT0 4nm0 e H G35
Hexachionocyclopantanizns <500 S0 ull miin 50 WO T 471401034 KT 55
Hexachiomathana <5000 5000 M mgitg S0 WA AAAD H G
Iredenal1 2. 3-cdjpyrene <5 i) w} mgia =) WA T00 EOR LT JH 5515
lapphpaong <5 5000 ™M mykg & AWAGTOD A0 iR IH 5515
EMemnyingniabng <500 5000 ™ magkg 50 ABATFO0 @IS JH HEIE
Megylphenid <5000 5000 ] maky 0 VEWRH 01 JH B3
A-hiethylhenol <5000 5000 o ey 50 WA T WM IEM JH 63
N-Hitrasodkn-propylamine <5000 5000 01 iy 50 MMMOTO0 40 iEm H 5635
H-Nitrased ipherykanrine <5000 000 oi,L2 ek 50 IR0 R0 0 15:34 JH 563
Maphthalene <500 5000 o1 migfky 50 MMMOTO0 400 H S35
Hitrbanzene <5000 S000 o1 i 50 SRR A0 IR JH GG
2-Mitrophens <500} 5000 Dt mgfg 5 0 T0 A0 1 JH (2]
4-Nitraphenal 15000 15000 o1 makg 5 IBAOTO0  AMEIEM JH 535
Perachlomphencl <G00K) 400 oM mghg Bl AWAGTE0  AN0i8M IH 515
Plienanihrena <5300 000 ] myikg S ¥EAOTH0 &DIEM M 5335
Phenci <5000 5000 5 mgiy 50 MEAOTOD @MA0 1R JH 5535
Pyrern <E00 5000 m maky 50 WEABTE LwIiEM IH S
1,2 4-Trichlombenasna <5000 SO00 o mgikg 50 A@AlTO0 WD 1EM JH 5635
24, B-Trichkrophenol <5000 SO o1 kg L1i] A0 T YD 18R JH 5635
FChlorophenol-d4{Sumagate) 1] SRA44 58 %REC 0 NENOTOD  4HA0 153 H S35
1,2-Dichiorebanzene-o4 [ Sumeaate| i} 54-148 50 WREC 50 AN T0 AMHD 19:54 JH S
2-Fhorobipheny || Surrngate) b sddg ] WREC 50 BISNOTOD A0EM UK 5635
2-Fusrophenal{Surrogate) I 54144 =i} WREC 50 IR0 4An0ies JH 53
hifrobanzane-15Surmgase) L} 50151 5 WREC A0 N0 700 A 13 M il 2]
Fhanokofi|Surogate) L 51143 5 WREC 1] IR0 70 4083 JH 563
d-Terpheny ki 14{ Surrogate) a SB-144 25 SREC Al U0 700 AP0 153 JH 635
24 5-Trbremaphunol[Suncgata) L] 34139 -] WREC 5 MEENDTO0 AN JH 5635
o o T TEST METHGOD: SWEIGES HOD: SWS0ISA Test Parformed By, AZFTSI
Agatooe =140 1400 &} iy 940 IWMIDNAE N2EI0 1405 Bk 560
Banzens <47 a7 H maka DAL FIMIONMAS NEMIOIEIE B i E]
Bmmobenzans <340 0 [i}] mgitg G FIRIDAS  MEAOME BK Y
Bmpchioromethane <47 47 H mygikg 40 IUNWMAS IEA0I43E B 5l
Bromodichioramethane 7 a7 B mpikg S50 IS VR0 4GS BK ]
Berenoaimm <B4 9 ™ mgiky M40 IS DAA43 BK [1H]
Bromrraman: <470 470 ™ mgiy W IO NEA0 M B 5603
2Euannng <470 470 5 myiky Wl ZHIOLE MR M B 5al3
n-Butylbenzene 70 240 oz ik WO IEEONAS MRV ME BK 503
sec-Butylbenzene (1] ] b2 mgiky e T s VR T T TR VR P O - 4 LK)
tert-Bubibenzene <240 ) m mgiky MO VRIS MR 4E BK 603
Carbon dizulfide <470 ATh o gy B0 IEAOUIAS AEI0 4R BK 5603
Goof fd

Confileniind nmd Privileged

187

Approved for public release; distribution unlimited.



£ Columbia
- Analytical Services-

License No,

AZOT33/AZMI3]

CLIENT:

Southwest Research Institute

Work Order: 10030397
Lalb 1D: [ DO30307-02

Project Mame;

Project Number: 14406 05 00

Client Sample 1D: CLIG-00527

Caollection Date:
Matrix: Licuid

Date Drate
Analyte Result FOL Qual Units DF  Prepared  Analyzed Analyst  Batch 1D
Carbon tefrachionde <47 & o1 Ll =it S0 AR ARAHAES B i
Chiarabanzana <47 47 ot ik B AmANIINE AIAWIMIS PR i
Ditromechivromethans =47 47 [} milkg 040 A0S A0S gK 5T
Chinrauthane =470 470 o mglkg WO RIS MWK pK i)
Chinnalorm A7 47 o ma'g G40 RTINS WEWIOWIE  BK 560
Cheomamethans =470 470 [l mikg M0 MEAMAE 308 [ 60
Chomaahiens =240 240 01 mgirg 440 BIAN0MS 3RO 1438 Bl )
A-Chioakieng <240 i o mylk 440 W05 wm004A5 BK 58
1,2Dsbene-3-chlorapropane <470 470 M mpig 90 WIMI0E VEAN4AE PR 56
1.2:-Oibroenaethansg =47 470 bl myikg 40 HENHALS IEM0M3S BK 513
Diromamedhang <M 0 o mg¥a Q40 B2MI0NAS 1EAN0 43S K ]
1.2:-Dichkorabenzana <47 47 ] mgikg a0 WMI0HNs LIS BK 5603
1.30ichkirobenzane A7 47 01 kg 40 WIS MENME  BK E=i]
14-Dichlarabenzana <47 47 iyl ik 940 IEWI0HAE AN B ikl
Cichiorodfuommethane 470 470 oLLt ik G40 MEOOINIS AEMIE BR =i
11-Dichlamethane A7 47 01 makg G40 SIS MEMD M BK eIk
1,2-Bichiometrane <47 47 m kg B0 MRS ATINNE BY 503
1,1-Dichinmetine ] 94 D1 kg ShD LRI IS MENIME BK B
os-1,2-Dichinmeheng = 47 01 gy WD BEATIE ARNI0ME BK 503
trans-1,2-Dghigroethens <47 47 o1 kg Bl TEM0ITIE ARI044dS BK 5405
1,2-Dichicropropans <47 47 o1 kg B0 AEARITIE RIS Bl ]
1.3-Dichloropropana =240 240 D1 kg G40 REMEIRIS RENIDAEE K )
2:2-Dichicropropara <240 240 [} ma'kyg G4 MRS 3TWIOIESE BK E
1.1 Gichloropropana <240 240 ] mgikg G4 LEMIDINIS NENI0MWAS EK S
cis-1.3-Dichksrapropana <A4F 47 o mgika 0 REMIITIS MEO3S K )
frans-1,3-Dishlomoprapana <47 47 )] mgikg G MEMIILIS MEMIOMI3S BK S
Ethylbenzana G20 B [nK] mi'iy B0 ARG 0l BE 2B
Hasachiorobutadione <470 470 ol mylg 040 WERIDINIE  MEMIOMAS  BK 5503
FHeranane =470 470 )] ity B0 RERINILIE  MRNI0EES pK S5
Indemethane <470 470 [ iy G40 RERININIS  LENCIEIE K )
Bopropylbenzene 250 240 o2 ek 940 REIWNAS LREN0LEIS BK L
4lsopropyltoluens 46D Ml 2 it S LU U L R FE R Rt ] BK 560
Mellvlens chicride =470 47 o Mg 540 WERIOINIS  MENOMES K i)
4-Mazthvl-2-pentancone =470 470 o1 kg GH MENONNE EEI0NAS BK G
Wil best- oty e =240 0 o makg G40 REAININIS MEMAOIEIS BN )
Naphthalena 550 240 o2 ] G4 AEIMNNS IO B O]
n=Propylbenzens Td0 0 ] mo'kg G40 AENTE 301l BK 5603
lyrane =240 240 5] mgl¥g 040 WIS B0 K v
11,12 Tetrathiomathars M0 240 b1 o'ty G40 MRS A0 BK IR
1,122 Tetrachionethane <4 o o mipfyg G40 WIS Bk SH
Tefrachicroethens =47 a7 o1 mgkg B0 MRS 2ROTS Bl 560
Tolusne [501] ] o2 o'ty G40 AERI0AE NP0 a8 K, L
1,2, 3-Trichharahenzzna <20 0 D1 Ky 940 AFEARTIIE I@01EEs Bk i
Tufla
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i_ SCo!umbia License No.  AZOI33/AZM[33

Analytical Services-
CLIENT: Southwest Research [nstivute Client Sample 1D: CLI0-00127
Work Order: 030397 Collection Date:
Lab 10 10030397-02 Matrix: Ligquid

Project Name:
Project Number: 1440605001

Date Date

Analyte Result POL - Qual Units  DF Prepared  Analyzed Analyst  Batch 1D
1.2, 4-Trichicrobanzens <2d0) 240 o1 g a0 ITADIGIS  3DAM014:35 gk L]
1.1 1-Trichloraeshane 47 47 M- mgig 40 TGRS H2AM0 14038 gk 5T
1.1,2-Trichioraeshane <47 AT o1 mgin QAF  MENDIE RIEND 1A BE I
Trithloroethens w47 4T [n}} gy b L[V Ny o R =14 56
Taichkrafuommethans B il 470 [} mgiiy [T I e TR AT (O e L R T R E# 4

1 23-Trighkraprapane <&l i ™ maikg WO RTINS FINKOAIS BK 56
1,2,4.Trimethylbenzene IGO0 L] [8r3 mgiy BH B0 HE0 M BE R
1.3.5Trimethylbenzana 1100 0 o) g B0 WIMIDTIE IEA04IE Bk 5603
Virh acelaliz =470 a7 [ ity MO WM VEIOMIE BK 5603
Wirtyl chioride =470 410 ] kg M0 WOINIS AAADMEE K 5603
KLylenas, Total 2a00 140 el malky 940 M2MIG1TE NEZni4as Bk S
4-Bromaflucrcheneene Sumogaie) 0 G2-123 SE MREC Q40 BEME1LIE AE0 A4S Bk S513
1,2-Dichlorasthans-défSurmogate) ] 54-173 S8 %HREC 440 VEARIRAE WD i4Es B e ]
Cibromeduwonamethane] Surragade) 0 52140 58 WLREC a0 IRM0AGIE NIR49S 8K ]
Talene-d8{Sumogate) [} 63126 = YREC Q40 AENONAE RRNM0ME 2K S6I

Naf ia
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TENTATIVELY IDENTIFIED COMPOUNDS

EFA METHOD 82601

CLIENT: Southwest Research Institute Client Sample ID:  CLI0-00327

Waork Order: 10030397 Collection Date:

LAB 1D: 124 Matrix: Liquic

Project Mame: Date Prepared:

Project Number: 14406.05.001 Date Analyred: 2200

Mo CAS Compound Name Amount

(mg/ Ky

1. 2216-30-0) 2. 5-Dimethylheptans 300
B | 3869-89-3 2,5-Dimethyloctane win |
3. 589-81-1 3=-Methylheplane 2900

4. 2216-33-3 3-Methyloctane 10K

5, 5911-04-6 3-Methylnonane 13007

. 2847-72-5 4-Methyldecane VRO

7. 2080-69-0 d-Methy lundecans EETTUR
8. S5635-16-6 | 3,3-Dimethylhexane 26010

9. 17301-28-9 3,6-Dimethylundecane I

10. 1124-21-4 Undecane G200

1. 112-40-3 Dadecans G500

12, H29-T§-T Hepladecane 24K}

3, 5d-17-5 Ethanol 440

Walves reported for Tentatively ldentified Compounds are estimated.
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TENTATIVELY IDENTIFIED COMPOUNDS
EPA METHOD §270C

CLIENT; Southwest Research Institute Client Sample ID: CLIO-00327

Waork Order: FN303%7 Caollection Date;

LARB 1D <024 Matrix: Liquid

Project Name: Date Prepared:

Froject Number: | e, 05,001 Date Analyred; 1232000
Nao. CAS# Compound Name Amaount

| | (mgKg)

1. £71-83-0 2-Methylnonane ) 200
2. 9T 5-08-0) 2-Methyldecane N 11000
L 17301-94-9 4-Methylnenane ) 100KI0
4. | 2847-72-5 4-Methyldecane o TIH)
b 1632-T0-8 S-Methyhmdecans #0006
I3 111-84-2 Nanane BIETD
7. 629-50-5 Tridecans ' 14000
8. 620-50-4 Tetradecane 10000
9. 17301-23-4 2,6-Dimethvlundecane T
|1, 921-47-1 2,3, 4-Trimethylhexane 2OHIK)
1.

12, |

3. i

14, |

Values reported for Tentatively Identified Compounds are estimated,
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é Columbia
- Analytical Services-

License Mo,

AZDIINALM 53

CLIENT: Southwest Research Institute Client Sample 1D: CLIG-0M326
Work Order: 1HI30397 Colleetion Date:
Lab 11 THI30397-03 Matrix: Liguid
Project Name:
Project Number: [4406.05.00]
Date Date
Analyte Result POL Qual Units DF  Prepared  Analyzed  Analyst  Bawch 1T
© TESTMETHOD SWYIFP0  PREP METNOD: SWISRIA Tas! Perfarmen By: AZ0132
Acenaphthane <5100 5100 o1 mglkg 51 AT T00 AR A JH ik
Acenaphthylens <5100 5100 [ kg 51 S0 T A0 2 JH ik
Anthracers =5100 5100 oL myg 51 F¥EWNTE O annnaEn JH 5635
Azobargeng <5100 5100 o1 myi¥ &1 I AnnD 20 JH 536
Benzfaanihracens <5100 5100 [y} iy 51 W anmoInan JH 5635
Banzajajpyrens <5400 5100 0 kg 51 O T AMMD 2020 JH 5635
Banzn|bFuoranthans <5100 5100 5 mako 51 VBN 4iA93 IH S35
Banzofy),h.lpendens <5100 5100 D1 gty 51 WHAOEM AN 20 M o
Benz(ijfuoranthana =510 5100 i ek 51 AR R0 ANHG X JH 5535
Benzoic acid <O TR D1 kg 51 JAACROD A A JH 635
Benzyl alcahol <510 5100 01 mo'ky 51 aEACRD sweEmx M 535
Bis} 2-chiomethoey methane <5100 100 [}] kg i N0 0D B i JH 5535
Bigl2-chioroedylleder <5100 5100 il mafky 51 BERADTO0 40 A JH S
Bis) 2-chloroisopropyliather <5100 5100 ot kg 5 IERI0 00 A0 A JH 635
Bl 2-stndhand)phinalae <5100 5400 o1 mgiig ol R0 70 Al aan JH B
4-Bromoghenyl pheny! ather <5100 5100 o1 myikg 51 RMITO0 400 M JH 635
Eulyl benzyt phihalale <510 5100 o mgikg 51 ABEI0TO0 &R0 HEH M 5636
4-Chipen-Jmetylphencl <510 5100 W] mgiky 50 BT 4900 M JH 5636
d-Chigroaniing 10000 1A0CG 5 kg S MEA0TO0 ARA0 2030 H 5636
EChioronaphinalenes <5100 5100 M makg & YMA0TOr annoangn H 535
EChisrophanal <5100 5100 5 gy 5 IA0TOR a0 e JH s
A-Chiaraphanyl pharyl efher <5100 5100 m myiky §1 WACTH0  &WOM2 UM 55
Chryseng =510 5100 o kg 51 A0 T A0 20 JH 35
Dngaistyd phihalatis <5100 5100 14} =T i1 AR 700 W0 HX JH 515
Di-n-aciyl phihalate <5100 S100 o)} malkg 51 Erutylips ] Rl ey JH ]
Dibenz[s hjarihracens <510 100 Dot ma/kg 51 HIED T A0 R JH 5435
Dibenzoturan <510 5100 o mo/kg 51 RRMOTDD  4MADAL JH 635
1,2-Dichlorbenzene <5100 S100 o mgikg 51 FEMTH 4AMDED JIH 35
1,3-Dichiorobanzene <510 S0 o mairg 1 W0 T AHM0 M2 JH S
14-Dichiorebenzens <5100 5100 o mgikyg 51 MBI AN IH i
33 -Dichlorabenziding <5000 25000 0Lz Ll 51 RIRNOTDD dnn0znEn JH S
2 A-Dichiorophenal <5100 5100 o ¥y 51 W0V annoana IH 6%
Diiathnd phihalate <5100 5100 o mipKg 5l SRR T AriHin 2 = il
Cimethyl phanalate <5100 5100 ™ milky 51 WIRMOTD drlfndna) JH 63
2.4/ Dimathylpranol <5100 5100 0 L3 Mgy 5 HIEND T 00 Al 20 JH SE1E
4, G-Cinitra-2-mefyiphenol =10000 0 [} ik 5 HED 700 AN e JH 9635
2.4-Dinitraphemal <5100 5100 K] may 51 32RND T 0 A0 20 JH 5635
24 Dinitratoluans <5100 5100 3] mgiKiy 51 HEAOTO0 40 JH 5635
2, 6-Dinitralsluane <5400 5100 o myiry 51 N0 700 A0 He20 JH il
Fuigranihene <5100 5400 i mpa 1 EEMIW AN JH G615
Flugrens <5100 5100 o my#a 51 M0 T00 A0 230 JH Fh
Gaf e
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Columbia

C Analytical Services-

License No.

AL GAZMI3E

CLIENT:
Waork Order: 10030397
Lalb 1y [OR30397-03

Project Name:

Project Numhber: 1440605 001

Southwest Research Institute

Client Sample 1D: CL10-00326

Collection Date:

Matriv: Liguid

Drate Date
Analyte Result POL Qual Linits  DF  Prepared  Analyzed Analyst  Batch [D
Hexachicroberzans <5100 5100 0 mgkg 51 TEMTH AU AN JH 5535
Hegachiombuadians <5100 S0 D1 mgikig 51 Ei Lk Ty T 1] W JH 5535
Hexachlcroeyciopentadians <5100 5100 ot gk 51 WEANFO0 A0 IH A5
Heaxachlormethans <5100 5100 Dt ma'kg a1 AN O 40490 F0: JH High
Indkanal1,2 J-cdjpyrens <5100 5100 ot my'kg 51 IR0 T A0 o JH 535
IBaprarane <5100 5100 ot kg &1 AEADTI0 4400 e JH L5
2Methyinaphihaiene <5100 5100 x| meikg =l ATEETI0 AH M H A3
2-Metryiphersl <5100 5100 o mafkg 51 FEWRT0 A X M BEYE
4-Wathdphinal <B100 5100 m g 51 EMNOTE0 ANI02030 JH 5635
-Hitrasndi-n-propylamine <5100 5100 m myikg §1 BEAOTE0 w0 H 5535
N-Milrcsodiphenylaming <3100 Si00 DLz g 51 IEA0T00 &W0m H 5535
Naphihaiene <5100 5100 [uj] mghy 51 Im\A0TH AU AR JH 5635
Hitrabanzene <5100 S0 o1 myikg al AT T Rl JH S5
I-Hifraphenal <5100 5100 Di myig 50 AWAIT00 40002 IH 35
48itrophenal <5000 15000 il maikg 51 AWANTOD A HE JH 535
Perdathlorophenal <i0000 10000 o mgkg 51 WEM0TI0 AfMRIEE M B
Bhenarihrana <5100 100 ™m mgKg a1 A0 TH0 AN 2N} JH RS
Bhenal <& 5100 o moky B MWD 4MH0EEH JH 5635
Pyrens <E100 5100 ] kg b3 I i s I T e JH 5636
1,24-Trichlerobanzene <5100 5400 1] Ky 51 A T00 A0 2030 JH 563§
24 B-Trchlorephenal <5100 5100 [0 mgkg 81 RIRI0TOD 40800 JH 5636
FChiraphenal- d4{Sumogata) 1 52148 58 WREC 51 HMAGIHD AM0H20 H ]
1, 2-Dighkratenzena-da(Sumogata) ] 54-148 S8 HREC 3 MO0 wwoman JH Fiat]
#Figratiphend(Surrogate) 0 Sa4z 11 REC 51 WRARFH wiD;n i [t
EFuofophenakSumagalz) 1 54144 56 HREC Bl EMAGITM ewem2 M 515
Hilrabanzena-d5{ Surogate) LU A S8 WREC 51 u@ARFID WU JH 555
Phenol-dBiSumagaie] 4 549 58 WREC 51 VE0TH0 W0 JH 15
4 Terphenyld 14(Surrogate) 0 8144 56 HREG 1 ImTH gunmm M 3
2,4 5-Tribromophenck Sumagate) i} 34135 1] WREG 51 I T ] E e k] JH S5
} ) " TESTMETHOD: SWA2GIE  PREP METNOO: SWSG358 Test Parformed By AZDIIT
bcatone a1 3] o1 mgiky 40 IZEIDINIE DMADASE BR S0
Banzens <24 24 s} iyt 48 MEAEIE RIS =54 503
Eromobanzens 412 12 ot gt 4 IENGIE SN BX 03
Eramachioremathana <24 24 ot gy 48 BAANITE ¥MIDIEE BK 5
Eromadichicrometaang w24 24 [l magikg 48 MENIO TS IS B L]
Bramyafam A § 44 o mgky 48 WA 3MADISES BK SRS
Brammelhsane <24 k] o mgi 48 BEWIDITIE O SMA015Z5 BK 5605
Z-Butanone <24 24 o1 maky 48 M0 TE A0 152 Bl SRS
n-Butyibanzena <12 12 5 myiky 48 WVWUAB WMADIEN B e
sac-Butylnenzane b 12 o] oy 48 MW0ITLIE IMARIEN BK S
tert-Butylbenzans <17 12 o] mgiky d&  AUTIE VMADIEIE  BK ST
Carban disulfida <34 4 ] mgiky 45 ATWIOUE 1MADIRIE BK i
Itaf Ia

Approved for public release; distribution unlimited.
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: C'Dh.lm b|a License No,  AZD|33AZMI33

Analytical Services-
CLIENT: Southwest Research [nstitute Client Sample 10: CL100326
Work Order: [ OD3039T Collection Date:
Lab 11 10030397-03 Matrix: Liquid

Project Name:
Project Number: [4406.05.001

Diale Date
Analyte Result POL - Qual Units  DF Prepared  Analyzed Analyst  Batch 1D
Carben tedachioide <24 24 o mgitp a8 23107118 WL 1525 BE S5
Chigratenzine 224 24 ™ mgiKg 08 REEIDUCE BMAD 16 560
Dirornechivromethane 24 24 o malkg B IHOIE MO8 BR 5603
Chlaraemane <24 e ™ gl 48 NEMIOIUIE  HMMO IR s
Chioreferm <24 4 ™ kg 40 ABAG1IE IMN01EIS PR 5503
Chioromethans =24 M 3} kg 48 VTG TR0 RIS aK 503
24hlorosbiens <12 12 M ol M LTINS UMN0IS2 K 5603
$-Chiorotobene <2 1% o1 mika 49 AEITE AMARAEIS i 503
1,2-Dibroma-3-chiceop ogang w24 24 01 Mgk 48 MG M55 Bk 60
1.20ibromosthane: il M o1 myikg 48 ATRIDATIE LU0 1535 BK 560
Diromamethars <2 12 o mog 48 MR NMN0SS K 00
1.2-Dichlarobenzane 224 24 o1 maik 48 RTRMMCIR WIS BK o]
1.3-Dichlorobenzens <24 24 ot matg L WEHOEE WMHIES aald
1. 4-Dichlerbenzens <24 24 ot mykn 48 W0 M0 15 = k]
Cichkaracifluormmethana <2 E I i R R makn 4 IEOIEE  NMA0I5ES BH, o]
1,1-Cickforpethana =24 4 W] kg L] ITHOIEIE MO0 155 BE s
1, 2-Cichinmedhana =24 FL) W] m'Kg 4 IEA0IE AMA01RE BH 7K
1, 1-0ickleroedena =44 18 ] gty 45 VENRITIE R0 I B S0
ci5-1.2 Dichlroethane <24 b M| gy 48 EARAE A0 iE B 503
trang-1,2-Dichiomathene <24 24 o g 48 ME0TVIE AADIRIE B f::11)
1.2 Dichiampomng <24 24 m ] 48 JEWIDIRIE ABM0IEES BK Eo)
123 Dicnlaregapang <12 2 g} myig 48 MEIOITIE ARNRIRES K 2]
2.2-Dichlomgimpans <12 12 o1 ] 45 A7A0ER AReEls = ]
1.1-Dichlovoarapens =12 12 jal} g 43 SEADME APAN %S Br 5600
gs-1,3-Dichlorepropens <4 24 o maikg 18 EIMIDVSE ARLMTEES BK 563
Irans-1,3-Dichlraprapens: <34 24 o makg 4 EEE0MOE ISR Bk 5603
Ethylbenzang 73 48 o2 maikg AR IIRHINICE  SAMDRE B 56K
Hexachlombuzadiens <24 M M ma/kg 4 WFOTLE O NMADIEE BM 5413
IHexanca =4 ) m makg 4 FEOHE O RMMDIGE E 5
fodomethane <24 ] ! kg 48 MIEIOUIE FHADISS Ak 5l
sopropybenzane <12 12 v Ky 40 IHFOI HMI IS BH 7ok
lsopropyhzluens =12 12 0] gy ] WO KMHADEES BK SE
Mathylena chicridz 24 4 o kg 40 IEEOIGNE AM015E BK 53
4-Wethyl-2-pantancne <24 M [} iy 45 BZEIOIIE WMADEE B B3
Wethyl tert-ugyl ethar <1l 17 1 milky 40 EE0UAR WMADIEE g =]
Naphthalenza 212 2 1] miky 48 IZWIOIE  NMAS S EK EiH]
rePropyibenzens <12 12 M mgkg 4 BZIDINE  MMMOEE g 53
Styrana 13 12 1] maKg 48 BIIDILIE IMAOIE B 3
1.1,1,2-Tetrachicroethane €12 2 i3] maikg 45 JIIOINIE IMA0CEI BK EElLE
1,1.2,2-Tetrachioroethene w44 48 ] malKg 44 FINI0INIE IMADISIS BK k]
Telrachloaethens wid 24 o maiKg 45 FANINE ARADIEIE AR [FaE]
Toluene 58 48 ] maglKg 45 MENDINIE IMADISIS PR L]
1,23 Trichiombanoans <12 12 m myg 45 REINE JMO15IS AR i)
faf e
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i Columbia License Mo, AZDI33/AZMI33

Analytical Services-

CLIENT: Southwest Research [nstitute Client Sample 1 CLIO-00326
Work Order: HHE0397 Collection Date:
Lab 1T 10030397-03 Mutrix: Liguid

Project Name:
Project Number: 14406 05001

Dhate [ate
Analyte Result POL Cual Units DF  Prepared  Analyzed Analyst  Batch ID
1.2, 4-Trchlerzbanzene L 12 K] miy LE] AACTEIE WMAD 1525 Bk )
1,1,1-Trchlraedhara 4 24 o mgi -] IS WMAD 1SS = e}
1.1, 2-Trichkaraeshars <4 24 L1 ingig a3 IMDIAE WMAD 1525 Bx 5603
Trizhloroethars <14 24 | gk a@ AR A ss B i)
Trichkarofiuoromethansa <M 24 m mgiiy a8 HIBIDLIE AwnD IR BE s ik)
1.2.3-Trichionqrapange <12 12 adl gty a8 HIENDIOE AT 1mE B ]
1.2 4-Trimathylbenzene 130 12 [} iy F 1 L TRAR R R Bl 5503
1.3,5-Trimethylbenzens il 12 [ iy 40 RN HI4M0 1628 i 5El13
Vil acelate =2 ke Ot mgiEg 4f AZHOTIE W05 BK HEIE]
Ving! chisrida <34 24 o1 molkyg 45 A2WI0IEIE HMA05IS B BT
Xylenes, Total 120 T o2 mkg 48 L T 1 E R T Ty [ R ] BK i
4-Bromalliorsbeanzene] Sumagate) 553 E2-121 510 WREC 44 NEEIAE AL RIS B 5603
1,2-Dichioroethane-g4| Surmogate) 192 B4-133 WREC 48 WEN0IIE ARAMEN BK 60
Dibromnoflnorom effane] Surmagals) 156 52140 510 WAREC 48 MEWITIE ABMAMEN B 5603
Toluene-d8| Surmgane ) 156 §3-126 510 WREC 48 RIWIDITIE ABnisR EK 5604
1Zaffa
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EPA METHOD 82608

TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT: Southwest Research Institute Client Sample 1:  CLIO-00326

Waork Order: 10030397 Collection Date:

LAEID: -05A Matrix: Liguid

Project Name: Date Prepared:

Project Number: Lk, 05,001 Date Analyzed: 22000

No. CAS Compound Name | Amount

| | (mpKg)

1. 2216-340-0 Z.S-Djmetly_y]]:epwnu 3204

2 | 586-80.3 2. 5-Dimethylociane 6204

3. 22106-33-3 J-Methyloctane 110
. 5011-04-6 | 3-Methylnonane noon |
5. 1002-43-3 | 3-Methylundecans FT00

6. 13150-34-3 3-Methyldecane 5400k

7. 1 2050-65-0 4-Methylundecans A0
B 3221-61-2 2-Methyloctane im0 |
_EIJ [3257-21-3 H=Methyliridecane T4200

10 557-33-7 Z-Bromoectane L2500

Il 124-18-5 Decane 8500

12 629-50-5 Tridecane | 7300

13. 111-84-2 MNonane | rdonn

14, 4-17-5 Ethanol {present but below guanitation limits) |

Values reported for Tentatively dentified Compounds are estimated.

196

Approved for public release; distribution unlimited.



TENTATIVELY IDENTIFIED COMPOUNDS
EPA METHOD 8270C

CLIENT: Southwest Research Institute Client Sample 1D: CLIO-00326

Waork Order: [O0303497 Collection Date:

LAB 1D: 03 A Matrix: Liguid

Project Name: Date Prepared:

Project Mumber: 1440605 001 Date Analyeed: 232010

Nao, CASH | Compound Name Amounnt
1 (mgkg)

l. B71-83-0 | 2-Methylnonane 101K

2. 6975-98-1) 2-Methyldecane rinn

3 7045-71-8 2-Methylundecane 4700

4. 13151-34-3 3-Methyldecans [ 1000

5. 1 F3041-94-0 4-Methylnonane o INFI

. 1632-70-5 5-Methylundecane | 1o

7. 111-84-2 Nonane ' 14000

i3 29-50-5 Tridecsne | t1oo

o, 112-40-3 Duclecane ' [1a00n

1| 1072-05-5 2, 6-Dimethylheptane | T4000

|1

12,

13,

14,

Walues reported for Tentatively ldentifed Compounds are estimated.
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i Columbia License No.  AZ0133/AZM 133

- Analytical Services-
CLIENT: Southwest Research Institule Client Sample [D: CLIO-00425
Work Order: | 030397 Caolleetion Date:
Lab 1y 10030297-04 Matrix: Liguid

Project Name:
Projeet Number: 1440605 00

Date [Jate
Analyte Resuli POL - Qual Units  DF  Prepared  Analyzed Analyst  Batch [D

*TEST METHOD: SWRETIC  PAEP METHOD: SWISIMA Test Performed By AZITIE

AL FO0 A9 2

Anraphihena <5000 S0 3l mafrg L] JH 35
Acerdphiylane <5000 5000 ] mgikg 5l WG 700 A0 206 JH 5635
Antlracns <5000 S00 0,12 mofig 5 AEIGRH @026 JH 5635
Azobenzane <5000 000 o1 makg 5] A0 0D W0 206 JH 5635
Eenzlajantiracans <5000 000 o1 myig 50 MRWT &Nl M 535
Banaoalpyrens <5000 5000 o1 gk 8] EMOOTOO ANWEE M 5535
Banzo{b|luoearihens <5000 5000 Dt eyl 50 WIRIOTID 40 2906 H 535
Benan{,hilpenhene <50 5000 o1 ik a0 GO TD 400 2106 m 5635
BenzafkBucrarihens <SHI60 000 o1 ma'kg ail AT A0 2106 JH %5
Benzaie acd <THINO0 TADDD o kg 50 MEAOTE0 4R 708 JH L1
Benzyl sfcohal <500 5000 o1 oty 50 MMAOTE0 A0 O6 H iy
Bis{-chlarosthoyimathane <5000 5000 i kg 500 MMAOT0 a0 Fa0E JH 535
Bl 2 -chkanoetyTthar <500 5000 (] ] 500 MAAOTN 406 JH [
Bl d-chiorosopropylether <5000 500 o g 5} AT HWOHME M 535
Ba(2-aihey pnhalate <E0HID 5000 ™ mitkg 50 LWMARTED &0 06 JH s
4-Broenophernd phanyl eter <5000 5000 o1 myig 51 MRAITO)  4N0 2106 JH L
Burtyl besmyl phithaksb <5000 000 [aj] mykg ) AR 700 A0 M0 M [
4-Chioro-3-methyiphieal <5000 5000 o1 maky b S e U 1 A 3 M 5815
4-Chlaroending <0t Sa00 ot gy a0 WIRMDT00 A0 2T JH S35
E-Chioronephihalensa <5000 000 o8 mgkg 1 MROTO0 AW L0S H Lk
2-Chiarophencd <5000 5000 ™ myikg 50 FNN0T0 4NA02106 H HE
4-CHiarophenyl phanyl ather <5000 5000 o kG 8 MM s W w5
Chiysene <5000 5000 o kg 80 MIEVOD 4TN2ME UM S
Dbyl phihalate <5000 5000 ] g ] M0 T00 AMM0 2% JH it 4
Dineociy phihatale <500 5000 ]l maky 50 20100 A0 21 M 263
Dibenzfa,hlantracana =5 5000 Bl MKy a0 IR0 I00 A0 2106 JH G636
Dibenzofuran <HH0 5000 H] maKg 50 MEANTO0 A0S JH 5635
1 2 Dachiorobenzens <H1H) 000 o1 malKg 50 MR dMADZIGE IH 5635
1.3-Dichigrabanzens <&00 500 m ma/kg 50 IWwALTI0 AAMOHDE I G635
14 Michinrobenzene <5000 5600 5 kg 50 W00 4NDEIE JH 636
3.3 -Dichiomibenzicing <2E000 25000 o1z gy 50 NAARTOD AN IH 5616
2 4-Dichiaraphenal <5000 500 ™ ity 50 LEARR0 402106 e 5615
Diethd pihakzte <5000 5400 m ok 50 UMARTO0 0TS JH 5615
Démeshiyl phifalate <5000 5100 [ kg 5B UEARR0D  &N0I10 IH 515
24 Dimethylphencd <5000 5400 oL Ky Al e 0 EUTEMIRE ] JH 5816
4,6-Dinio-2enetivylphers] ) 400 i3] mgkig 5B DMAREHD &IN02106 IH 565
24-Dinitrophanal <5000 =i ] m Ky 50 AL F00 &0 106 JH 55
2.4 Olnltotolusne <5000 500 i3] mlkg 5B UEARED0 402106 JH 5535
2E-Dinltotaluens <6000 =400 o1 g 51 EHA 700 A0 2106 JH 535
Fluaranthene <5000 5100 ] kg 5 MENERH @IN02105 JH 5EIE
Fluaranz <G00 2060 il maig ) WEEN 0D A0 2108 JH L]
fTafia

Comfidential and Privileged
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fs Columbia
- Analytical Services~

License Mo,

AZOIIF/AZMIGE

CLIENT:
Work Order: 10030397
Lab 1D: 10030397-04

Project Name:

Project Mumber: [4406 05 000

Southwest Research Institute

Client Sample TD: CLI0-00428

Collection Date:

Matrix: Liguid

[rate Drate
Analyte Resull POL - Qual Lnits  DF Prepared  Analyzed Analyst  Batch 1D
Hexachkmenpane <5 5000 i3] g 50 MMWTH @D M0E ™ Eie
Hexachlombutadiens <50 5000 o g 50 RMVIOTDD QM0 ILOE JH 3635
Hexachiomeyriopeniadiana <IN 5000 01 My 80 WMAOWID @IN0 206 JH 5635
Hexachiorcethane <500 5000 01 mgikG 80 EMAOTOG aw0Ees M 5615
Inedanal1,2 J-collpyrene 5000 5000 o1 gk 50 WMIOTOD A0 21DE IH 5636
L <S000 5a0a 1 gy 50 VMAOTD  ANI0 21D H 535
hethpinaphihalene <5000 5000 o1 ik 50 AAOTIR AwmEm M 535
IMednylphenal <5000 5000 o1 maiky 50 AWMADTE0 A0 2 JH 535
Addesyipneral <5000 0 ot mepky 50 MEAOTOR 4010 2106 JH wah
H-Hitraspdbn-propylaming <5000 5000 D1 maky 50 JEEA0TL0 A0 2106 JH Lk
H-Mitrosnciphenglamine <5000 000 DLz kg 50 070 AW 206 JH e
Haphthakne <5 =000 W] m'ky i AT T00 A 206 4 S
Hitmiaenzane <500 S000 o gk il Ec Ul ] A0 P16 M a5
2-Mitrephemal <5000 000 o mgi¥g 0 MENITH A0 2106 - 563
4-Hitrophenal <IS000 15000 ] mytkg 81 HENTI SDHME M Ers
Pertlachiorophenc] <50 o m mylkg 50 EIBMOTOD  &A02106 M 5R35
Pheanzntinene <500 5000 i g 500 EIROT0D 402106 H 535
Phescl <H000 5000 m gl 50 HAEAOTID  4M02LDS IH 3
Pyrene <EH 000 m ringkg 50 NEADVED  eWI0NS i Giits
1,4-Trichiorogenzane <5000 5000 o4 rigikg 600 MEAOTH0 DM UM o]
4 B-Trichiorophanct <50 5000 i gy 60 MEEDTON 400 JH j2al]
Chicroghenal-d4rSurmgata) r 52143 ] RREC 50 LWAGTON  4MN0 e JH 565
1,2-Dichiorobenzene-t4 | Surogatal b 54148 58 WREC 50 IWANTO  4MAD 2 JH 5615
2Forctiphery { Surnogate] 1 54-142 =5 WREC 50 LHAGTI ARG JH 535
2Fhcrephenal[Surogata) |13 5d-144 55 WREC U113 VA0 00 AL 2108 JH 5545
Mimhenzene-05[Sumgits) L] 50-151 38 %REC Sp MEMGTH0 4HA02000 JH 5
Fhenal-di{Surmogate] i 51.149 5 %REC 50 W0 T 4410 2108 JH =
d-Terphenyld14( Surmogabe) i 54144 38 %REC 5 ARG 0 A0 7106 = 5
24 B-Tribromaphurol Surrgata) [T R 58 WREC 50 MmRFO0 4nM02I06 JH 7ol
) TESTMETHGO; SWEI008  PREPWETHOD: SWSOISA Test Parformsd By AZITII
Acgtone <1400 1400 [0 ma/kg 930 MEIO1RD MERMDIEZ BK ]
Benzana ] 48 M makg 930 VENA FEMDEN  BK k]
Bramabenzana A 20 L1 g Q30 BEMIOI20 WERMD 3D Bk 503
Bramochkramathane <46 48 ™ mky 230 MEEIONLAD HIEEN0 BK 03
Bramedichiaramethane <l 46 1] g 90 IEAOILI MIEIEN BK 03
Bramuofioam <03 43 ] makg 930 AN MIMEN BK 803
Bramamehans R 460 [ ma/kg i RO MIFIIEIN AR ]
2-Sutanong Rl 450 i} mavkg O3 AEETIE MERWIEID  BK it}
n-Butylbenzens G50 ] D2 mg/Kg G0 WENOILH MEIDEN PR 603
sac-Butylbenzena G670 230 D2 malKg et I e (R R ek A R R - 19 5603
{ari-Butylbenzene <23 230 il oKy TR ATy (R I (R Ty B i1k
Carbon disulfide <G 480 [ mg/kg G300 MEAIBNIX JEEI0IRID BK (1]
14 af I

Confilentisl and Privilege)
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£ Columbia

License No.

AZDN33AZM 33

> Analytical Services-
CLIENT: Southwest Research [nstitute
Work Order: 10030397
Lab 1D 03039704

Project Mame:

Project Number: |4406,05,001

Client Sample 1 CLIO-D022E

Collection Date:
Matrix: Liguid

Date Date
Analyte Resule POL Choal Units  DF  Prepaved  Analyzed  Analyst  Bateh 1D
Carbon tefechlanide <dE A5 3] may 93 NI ITEHNEY BK AT
Chigrabenzens <A 16 ™ mgiKg 930 WACTEN  ameniED gk 3600
Dibmomechiormaehans <4 4 o1 kg 930 IR WWINE® B 5604
Chbaroathane <450 440 o kg 930 MEAMDIEND 306N BK 03
Chinredgrm <dfi 46 B Mg 00 WM SEHIEN pK 5603
Ghinvomethana <4 460 2] Mg 930 WM FINIEN pK 03
LChloretobena ) ] ] gy 930 AN HAOEND  BK 5E03
4:Chirclobiena <30 Zn o Mgk 530 MEMIOUEM FmAOEN 8K 5603
1.2-0igromo-3-chiomprapane <AEQ0 460 )] gk 530 AMAOTEN  ImAC1EN  BK 03
1.2:Dizromoethans <dE0 460 i3l mykg 530 MEARNH NEA0IER B £
Dibromomethans <230 230 o gy 1 AR VEA0EI BK S
1,2-Dichiombenzane <4G Ak o1 miy'kg @0 FIE A0 16 B, 5603
1, 3-Dichionshenzene <4f a6 [of] kg Q0 FEALA AW e Bl ]
1,4-Dichiorobenzens 45 46 o iy QI IR0 A0 B 2]
Dichloradilucemeane =450 LS oL mgfg b E O . S R HH 1]
1,1-Cichiomemane <4 46 o mylg D WM A0 BK w03
1.2-Dichlnsedhens <4 44 ] mgkg SN EOMH W0 BK w03
1,1 Dichlaroethiens <03 93 [0 mgig 031 I@IOILI0 A2M0IEI0 BK B0
cis-1, 2:Dichiorethane <A 46 M myikg DM ATIAOIEE MRWNEX B ]
trans-1, 2-Dichiomuthane < a5 H] mgitg 5 I A (VR R B T VR o B - ]
12-Bichkropropane =46 a6 ™M myig 930 ENCIE ARG Bl Sl
15 Dichlamopropane <230 230 o myig 930 MENCILN AR pK 600
42 Dachiompopane <200 20 m mgKg 430 MR AEHNER Bk 603
1,1-Brchionpropens <230 230 o gy 930 WAWTE AEEE pK 5600
ds-1.3-Dichlarepropens <45 a8 ot kg 230 MG 30 B 56
trans-1,3-Oichigraproperne <4 4 o] Mg 930 FIEN MEIEN AR L]
Ethylbenzens 140 3 o2 molky B30 FEE0IEE MRMEN pK S5
Furachiomoutadiens <46l 4] o1 mgiKg 93 IEHIDULD MDEMOEI pK K]
Z-Haxanone <460 L o mglkig [ TR S R 1 T BK ]
Inchimathane 4B A0 5] mgig ORI WEEWNIRI 8K 53
Isapropylbenzana 260 il o2 mgi¥g 30 MI0E NREN BK 2 K]
e lsopropyltoluene T&0 il o2 ik B30 NI IINOEID B K]
Methykere chloride <40 4E0 b1 mgiky 530 VEMOTII0 MAAMIEN  BK 503
Aetnyl-2-pentanoae <460 A& 3 moa U - LRV R A B ik
Medhy | terl tatyl athar =20 2 01 gy B3 IEA0TEA D016 B 503
Haphihalena <30 k] i myikg B ATl WENER EX 563
n-Fropylbenzene (1] 230 Dz myikg 930 I ITWIEE B )
Styrene <230 0 o1 maikg 030 AEIONA JEACEN BK B
14,1, 2-Telrachlorcefhane <230 ] m mgitg A IIWNE IEACIEN BK s
1,1.2.2-Telrachicroedhane <03 % 01 mykg 90 WX IEI0EN BK EL
Tewachimeihans =i ai o mgikg 930 R0 20 6= [:4 3600
Teluene 140 a1 o? mgig 930 00 NI iR PR 5600
1.2, - Trichigrobenzane <230 20 ol gy 430 SNIE aEMIEE BK S0
I5affa

Approved for public release; distribution unlimited.
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é Columbia

~-> Analytical Services*

License Mo,

AENIINAZMIGE

CLIENT:
Work Order:

Project Name:

Project Number: 14406.05.001

Southwest Research Institute
10030397
Lab 1D: T030397-04

Client Sample 11; CL10-00428

Collection Date:
Matrix: Liguid

e Dane
Analyle Result POL - Dual Units  DF  Prepared  Analyzed Analyst  Batch 1D
1.2 4-Trighkyrobenzens =210 an ot mg'kg O3 AN VEIM0EI BK £503
1,1.1-Trichiaroethane <45 45 ot g 9 amaneE RIIEN BK ]
1,1.2-Trichbroethane <4 £ ot gy 050 ATnonEm AERINIEN ;18 SR
Trichlorosthene ] 46 5 mgig 54w BK 560
Trichlorofhieromeathane <450 L= &3} mylkg 1 v BK 5600
1.2 3-Trichicropropans: <230 ] m mgiky 130 W B k]
1,2, 4 Trimethylbenzene E700 1200 bz maikn 4600 W00 BK %]
1,5, 5-Trimethylbenzene 3000 230 o2 mgig QI WO IENRNE B 503
Vinyl acetate <5 B0 ] myikg 930 IEEIOINA 2RI BK 5505
Winyl chiarica <450 480 [} mykg Fx TR (R | . (R 1 T [ B i)
Xylenes, Total 1700 140 oz gy SR IEMI0TEE 3EMED BK 5603
A-grmofkiarobanzens| Sumogate) 0 62123 bt HREL o3 APIIILA AERI0 R BH S
1 3 Dckioroathane-d4{Surmgate) ] 433 b=} WHRELC O} AUIAMILE AR0RID BE A
Dimramallueccmethans| Sumogate)] o 52140 58 WREC S EN0IRA AREN0EIN Ak ]
Teluene-g[Surmgata) [ B3 58 WREC Sl AENNE RN Bk ;1]
Hoaf i

Canfidentiod and Privilemed
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TENTATIVELY IDENTIFIED COMPOUNDS
EPA METHOD 82608

CLIENT: Southwest Research Institnte Client Sample 1D:  CLID-00428

Work Order: [O030397 Collection Date:

LAB I A Matrix: Liguid

Project Mame: Date Prepared:

Project Number: 144040, 05.00 Date Analyeed: 3232010

Nao. CASH Compound Name Amount

(g Kg)

1. GT5-98-0 2-Methyldecane ) A
2. 17312-44-06 2 3-Dimethyldecane i 2R
3 2216-33-3 J=Methyloctane AR
4. S0 1-0d-6 3-Methylnenane - £200
5, 2847-72-5 d=hethyldecane 3700
. 24 56-28-2 1, 1"-Oybisdecane 2100
7. Z9812-79-1 o-Decylhvdroxylamine 16408
L | 12-40-3 Dodecang S300
i, | 120-21-4 Undecane ) G300
10, 111-65-9 Dctane o 1500
Il 4.1 7-5 Ethanol Sdih
12

13.

14. |

Walues reported for Tentatively Identified Compounds are estimated.
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EPA METHOD 82700

TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT: Sowthwest Research Institute Client Sample ID: CL 1000428

Warlk Order: 10030307 Collection Date;

LARE 1 A4 A Matrix: Liguicl

Project Mame: [¥ate Prepared:

Project Number: lda ik, 05,001 Ihate Amalyeed: 3232000

M. CAS# Compound Name | Amount
| (mg/Kg)

1, 871-83-0 2-Methylnonane 9301

2 697 5-98-0) 3-Methyldecane T

3, 3221-61-2 2-Methyloctane EXTI

4 13151-34-3 3-Methyldecane R3O0

5. 2847-T2-5 d-Methyldecane R0

. H11-84-2 MNaonane [E

7. 629-50-3 Tridecang oo |

8, | 7300 -25-4 2 6-Dimethy lundecane B0

9. 15865-89-3 2,5-Dimethyloctane | 1

10, 1673-92-8 propyl-Cyclohexane | R3O

1 '

12

13.

14

Walues reported for Tentatively ldentified Compounds are estimated.
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4

Columbia
Analytical Services-

Cliant - Southwest Research Institute

Work Order - 10020397
Projact -

Analyte

Batch 1D - 5603 Prep Date - 323710 8:30

Aoatong

Benzene
Bromobanzens:
Bromochisremelnane
Bromechzhioromethanes
Bromofom
Bromomalhans
2-Butanone
rrBaitylbanzan:
seC-Butyibanzang
tert-Baitylbanzene
Cartan deulfide
Cargon kefrachionide
Chiarehanaars
Bibromochlommethare
Chiarastnena
Ghilarafoem
Chiaramethans
2Chlarotoiueng
dChlomipiuens
1.2-DBroma-3-chiorapropane
1, 2-(hbeoama edhien e
Cabromametnane

1, 2-THchiDrabanzane

1, 3Dichiombenzene

1, 4-Dichicrabenzans
Dichlaediiusramethana
1,9-Dichlarosthane
1,Z-Dichlorsathang

1, 1=Oichlarcethene
cig-1, 2DicHiarasthana
rens-1,2-Dichloraethena
1.2-Dichlargpmpara
1.3-Dichloropropana

2, 2-Dichlorpropane
1,1<Dichloropmpena
&1, -Dechlenoropene
ltans-1,3-Dichloroprepene
Ellryiiermens
Hexachlarchutamans
ZdHexanane
tedomathane
leapropylbanzgna
debsapeegylinhiene
Meshylens chicrida
d-Medhyl-2-pantarars
Mathyl test-butyl athes
Maphthalena
r-Propylbanzans
Symne
1.1,1,2-Tetrachloroethare
11,2, 2 Tetrachloroethana
Tetrachlarcethans

MB
Rasult

1.5
<0050
.25
0050
=00ED
<010
=050
=050
A0S
=02s
=025
=050
=00an
=0 ann
=005
<059
=050
=050
=D
=0,
=050
<050
=025
={.050
0,050
=0.050
=050
=050
=050
=010
=0OST
=050
=050
<025
=025
=025
=20.050
=3,050
=010
=050
=050
<050
=025
=25
=050
=050
“i125
125
.25
=0.26
<026
=010
<00

LCs

1,85
102
1.00
1.0
0.934
0E1E
TG
198
1.05
1.08
1.08
2.68
0.am
1.04
.90
1485
0.977
207
1.08
1407
0.E7S
0858
0898
GE2
0.a74
1.00
545
1.1
figeliE]
109
113
114
0.8083%
a.870
0,838
0857
0 %58
1.02
08ag
100
1.74
191
1.07
1.0
111
188
1.85
DAsH
1.10
103
AT
k-]
498

QC SUMMARY REPORT

1.82
108
104
143
=LY
o pag
1,41
203
1.08
1,12
1.08
2ET
0.963
106
0.935
1EE
0.e83
2
1.07
1.08
0.525
1.00
[e: =1y
gk
103
b 3
241
1.1
0.918
n
113
113
1m
0,58
0,565
0,538
D.&FR
1.04
1.04
1,08
1.84
im
1.08
1,13
1,12
1,83
1,80
1.
141
1.08
0473
a3.983
161

LCSD Spike
Result  Result Walue

200
1.0
1.00
1oa
100
1.00
200
200
a.an
1.00
1.00
200
1.00
1.00
1.0
204
1.00
200
100
140
100
1.00
140
1.an
1.00
.00
2.00
100
100
1.00
10
10
100
180
1450
1400
100
.00
140
140
Zao
2ao
1.a0
1an
100
200
200
1.00
1.0
100
1.00
1.00
100

LCs  LCsD
REC REC
SWaz2608
3% 8%
102% 108%
10 104%
% 0%
3% a5%
#1% %
a1% Ti%
Mo 102%
1053 106%
108%  112%
% ks
123%  134%
53% S
104t 105%
2% B
83% %
W a8
104%  118%
WER  107%
07 108%
10N 3%
D% 100%
Ol ¥
B4% Be%
7% 103
100% BE%a
173w 171%
1w 111%
Bi% %
109 1%
13 1M¥%
% 112%
BEs 101%
Er] 9B%
% 98%
L %
BN BE%
0% 04T
0% 10d%
100 102%
8% %
9% BG6%
07 1%
00% 113%
Mm% 112%
%% BT
2% 5%
b I T b
190% 191%
108%  105%
2% 8T%
8% 8%
/% 1%

204

Low - High
% Limit

57140
Fh-130
Fo- 130
fo-13n
- 130
B4 - 120
21- 168
FL k]
0. 130
0. 130
70133
43182
TO-130
To-130
Fh-130
35 - 158
T« 130
36153
T« 130
T - a0k
4. 114
7013
70130
T0. 150
7013
TO- 130
12 -15g
70130
701343
2. 136
To- 130
ToO- 130
Th. 130
Th= 130
64128
- 130
To- 130
Ta - 130
T 130
To- 130
70 - 130
53 . 157
70 - 150
- A3
T0 - 130
70 130
70 - %30
0= 130
0.1
70 930
70 130
0130
TO- 132

%
RPD

3%

A%
1%
2%
10%
1%

# 2

#4344

=
%

1%
1%
1%
2%
2
E%
1

1%
E%

1%
“1%
1%
2%
=15
2%
Eb
2%
2%
I
2%
2%
4%
2%
R
1%
2%
A
k]

EEEE S

A%,
=1%

RPD
Limit

BEEEHEEBEEEREESEEEEEE Y

Approved for public release; distribution unlimited.

ME
Qual

LCS
Qual

M8, LCS, LCSD REPORT

LZSD
Qual

Date
Analyzed

Units - mgHg

BEIEERT
032310
032310
032310
0230
L3210
0T3O
0WIIA0
030
M0
I
TR
TN
03I
2D
LA
[ExTE=TRTi]
LA
B
LAEENG
QTG
NI
N2
NI
I
GMED
L1 O30
OWEND
ORI
GG
O3EHTD
2D
D
3D
03D
A0
32D
CREAAD
EEAMD
B30
LAFand
TR
DA
ARG
AT
saraang
s
LA
A
A0
GAFIM0
AN
R0
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éS Columbia QC SUMMARY REPORT

- §
Analytical Services-
Chlent - Southwest Resaarch insiiute WMB, LCE, LCSD REPORT
Work Order « 10030387
Project -
Me Lce LCSD Spike LCS LCSD Low - High ] RPL ME LGS LCSD Date
Analyte Rasult Result  Result Walue REC REC % Limit RPD Limie  Qual Qual  Qual  Analyzed
Toluena T 101 107 100 4% 107%  Ta-i30 3% o 03ZHD
1,2, 3-Trichlonabanzan: =015 0851 1.00 .40 D% 100% - 83D 5%, 20 032310
1,2 4-Trichlorabanzans =028 0.548 0. &7 198 95% at Ta- 130 A 20 £A2IM0
1,.1,3-Trchloroathane =01, D& 0542 DBt A pan e T0 130 2% 20 LAz
1,1, 2-Tnchiomathane =0, DA 1M 1.03 nap A% 1% T0 =130 2% 20 LaZang
Trichloroathene <0040 Tk 1.0 100 8% M1% o130 % 0 DT
TrichleeoHuoromethane =d.40 247 215 200 108 108% 54.- 135 1% 7] HUFI0
1,2, 3-Trichlaropropana =025 LA7s 1.0 100 YW 0% F0.130 4% e} AN D
1,2,4-Trimathylbanzans <, 25 147 1.0 1o 1T 1 o130 ) ] a0
1.3, 5-Trimathylbanzana =024 1468 1.08 100 106% 108% - 130 st 0 [kt R ]
Vird aceiats <080 143 188 200 8T 100%W 22. 183 I 20 QM0
Vil chicrice =050 182 188 200 1% 9d% 30 - 154 % 20 012340
Xylenes, Totgl =015 314z 16 200 04%  105% 7= 130 1% 0 Az
d-Bromofluoroberrens 102% 2.55% 287 280 0% 1074 B2 -2 030
1, 2-Dichioroethans.dd 9% 234 B4 RS0 4% O7W 4 - 133 DR2AM0
itromeflucrometiane 112% 274 2EF 0 ZED 1% 118% 52-140 032310
Toliseive- o 1115 27 283 Z50 108% 113 B3 - 126 [t Il
swazroc
Batch il - 5635 Prop Dafe - 3/26/10 7:00 Units < mo'Hg
Acananhifens =10 125 113 189 B3 TE% Fo-13q 109 ol [s]] [t} QD
Aganaphityine =100 127 116 180 BS%  TT% T 130 9 =0 on o Q40
Anthracans =100 106 o] 1% 7% 85 Ti- 140 5% ] [s1: L2,08 N1 040910
AzZgenzens =100 183 1 W 8% TR Tir- 140 105 ] [s1:3 o] 0110
Benzlalanthracene =100 122 0e 150 8% FI% Th- 130 1% ] o as [EERT
Brozo{ajmyrens =100 119 108 150 TE Ta% TO- 130 0% 20 (s3] (o} AR
Benzo{hjAucranthens =100 19 108 180 T Ta% T . 130 0% 20 o8 (o[} AR
Barwofg,h,l|parylens =100 119 07 150 TR TI% LERETH 1% 2n [t] 09 DT
Barwalkluoranihene =100 130 17 180 BT% Taw T0- 130 1% 20 [ os ami
Bareak ackd <1500 817 a0 BOD  103%  100% 70 130 % 20 ful:] 0% [T E]
Barayt algohol =100 164 152 W BN TE% 70 150 a% 20 Qg g TR
EBis{2-chioroathoxyimethans =100 177 158 LT 51 B 0. 130 11% 20 (W3] [+1] 041050
Bla{2-chioralhyjedher =100 175 162 200 BA%  B1% 70- 130 8% 2 08 o LT
Bisi2-chioralsopropylelher <4 180 1648 LTV = T TO- 130 % 20 fals] =] DD
Bisi2-athylhexyliphihalats =400 170 152 00 BS% PR TO-130 1% 20 fal:] [al 04/0140
4-Bromophenyd phenyl elber =100 186 180 204 8% % T0-13 % el L] a1} 44010
Buty! banzyl phikalate =10 168 151 00 B4% TER T0- 13 1% 2 fals] Q8 aqieio
A-Chloroe S-metiveihenal <100 323 284 A B3 TA% TO- 130 B e a8 [+ a4mHo
d-Chleroaniing =200 211 [T 200 106% 92% 7O 130 4%, 20 0B o8 A0
2-Chieronaphibalans =100 168 162 200 B3% TE% 70130 e 20 a8 Q9 4o
Chlerophanol =100 33 306 A0 8% TR Tl 130 8 I L] =] LR ]
A-Chloroptanyl pheyl glhar =160 76 159 200 BE%  A0% 7o 180 10% m ] ol 44110
Chrysana =104 124 10 150 83%  TI% TO- 130 1% 0 o [t 4110
[H-n-Gutyl phihatate =100 174 158 200 BT% TE% T 120 10% a0 as e} Q4NN
Di-n-acty! phithalate =140 168 154 200 B5% % Te. 130 5% o0 o8 o5} ER R
Ditanzla, hjanracans =100 1% 105 150 TH% TO%% 0. 130 138 0 (=51 (s3] QM D
Dibenzofuran <100 168 150 200 83%  TE% T0- 130 1% 20 B o] Qa0
1,7-Dichlombsnzans =100 2} 162 0 8% TE% T3 - 130 8% 20 =] [t:] 0410
1.2-Dichiorabanzana =100 168 154 20 8 TR T 130 B3 an [#:] [+2] 04MILD
14-Dichlorotsanzana =100 168 158 0 Bk T Ta- 130 7% a0 3 ot} QAL
3,3 -Dichigrobenzising =500 134 122 b [x I T Y B1% T - 130 B9 0o L2092 N1 L208M1 0400
24.Dichlerophens <100 324 297 400 B1% 7a% T3-130 B an o] e 1] RN D
Diatinyl phihakate <100 178 162 00 0% (3 F - 130 140%. 20 5] [+ 0] [t lale]
Dimesthyd phihalabe =100 175 158 i i} B0 B - 130 0% 20 [#a] [wT:} [T GRS ]
2.4 Dirnethylphanal =100 303 78 400 TEW  Eo% Ta- 130 % 20 [o=] LZO9MNT o400
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és Columbia ) QC SUMMARY REPORT
Analytical Services-

Client - Southwest Research lnstifute MB, LCS, LCSD REPORT
Work Order - 10030397
Project -

MB LCS LCSD Spike LCS LCSD Low - High % RPD Mg LGS LCSD Date
Analyte Result Result  Result Walue REC REC % Limit RPD Limit  Gual Qual  CQual  Analyzed
4.8-Dinitro-2-methylpheact - <200 382 I8 400 DEW 8% T0-130 T E e a9 45413
2 4-Dinifrephanal =100 TG aro 400 oE% 53 - 130 T b ] (o] [T IR
2A-Dinifretoluans =100 161 144 200 1% % 0 - 130 "M% an (3] [wt] 0410
#6-Dmifnatoluene =100 166 151 0 EEM TEH T3-130 % an =3 [w] HEN AT
Flucranthene <100 18 106 150 T Ti% 7O - 130 akg 0 3 ag HERIERT]
Flucrene =00 123 11 1 B 4% 70 - 150 i 20 Qg a:] 244G
Haxachionbenzene =100 164 151 0] 2% TE% 70 - 930 4% 20 8 [l asx1In
Hemachiorebutadens =100 165 141 200 TS T1% 70- 130 109 n [slz] Q5 aa1in
Hexachiieeyciopentadiens =100 17g 148 200 A rav 70-130 150, 20 o3 e} adiauin
Hewachioreethans =100 187 1563 200 a4 T Th- 13 L 20 ) L} Ao
Indarali, F, 3-cdloyrens =100 120 167 150 80% T TR~ 130 1% 20 a9 a2} 040
|sophorang =100 157 142 200 TE% % TO-130 MW i) Qan [»] [T Fa ]
2-MeztTyInaphlhalere =100 173 157 20 BT Fa T-130 0%, b ] sl [» 3] IR ]
dattriphenal =10 a =y 400 BO% A% - 130 0% i) [#}:] [#27] [ R )
4-dattiprenal <100 350 3l e EE 20 T4 - 130 4% mn [+42 =] R B
N-Hiftragodi-n-progry larmine =100 187 173 W E% AT 13- 130 [+ 0 [t} a9 LT
-Mirasod pherylamine =10 154 127 W0 0% G4 70 - 930 oty 0 a4 L2058 HE A0
g it T i <100 127 114 154 B T TO-130 o a0 09 o9 LR
Mitrcharzens <100 174 158 200 A7 Th%. TO- 130 100 n a1} o9 DM
-Mitrophenal =100 310 4E8 A0 TE% Ta% 0130 T 0 a1} [+ D110
4-Mitrephenol =300 386 e 400 AE% Bl B-13 1% 20 (] fal] QA0
Pantathionaphens =30 ol Ins 400 EI% TE -1 B% 20 Q8 A 041110
Phanarihrene =100 122 m 150 EI%h T4l F-120 8% a0 fel:] [ve] CA 10
Phamal =104 331 =z 400 B1% TE% Th- 130 9% ) Lo [#5] B40170
Pyrang =100 12 1M 150 e JE - 130 0% ) [0 (o] 04001110
1.2 A-Trichlorchenzene <103 76 61 200 E8% B1% - 130 a%g ) a4 vE] 04001110
2,4 8-Tiichlorophanal =10 E3l) 285 o0 TEk T 70-130 0% an IV it Q4ITI10
2-Chloropirenal-rd 85% 2651 24T 104 BT B 52 - 148 D010
T.2-Dichlorobenzons-o4 BE 174 163 200 BEY 1% 54 - 148 D410
2-Flisarabiphang! are 173 157 200 7% bkt o4 - 142 Q0D
2Flwarogharol DB 281 241 300 87 a0 54 - 144 Q0D
Nitrabenzone-of 5% 178 160 200 B 0% 50-151 a1
Firenolaf GE% 262 238 acd a7 TEY 51- 148 048110
d=Terphanyld 14 104% 174 187 200 BE% v 56 - 144 ST
2,4, 6-Tribromophenal 53% 243 218 300 Bi% Ta% 4133 o4

Fage Jaf 1
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[ Columbia QC SUMMARY REPORT
—- Analytical Services~

Client - Southwest Research Institute M5, MSD REPORT
Waork Order - 10030357
Praject -

s MSD  Samp Splke ms M3D Low - High % RPD MS MSD Date
Analyte Result  Result Res Value REG REC % Limit RPD Limit Qual Qual analyzed

EWa2e08
Batch 1D - 5603 Prep Dafa - 32310 0217 Units « s
Parent Sample /D - 10030295014
Acatone 3.80 R =1.0 o84 8% B 49 - 140 20% 85 Darzaria
Bargana 223 211 =0.a49 147 8% 105% B3 118 a% o] Q240
Bromooenzana 1497 200 <00 1.47 00% 1004 57.123 2% 5 ANBND
Broenechlcromsathans 19 168 0098 1.97 7% 100% 52-129 8% 32 REIR T
Bremedichioromathane 1.94 =M = (K 1.97 H% 101% §7-120 4% 22 oxZ4M0
Brormofarm 17 173 =020 1,87 0% 87% 53- 120 MoM 0324010
Bromamethane 318 304 =[50 3ba B1% 89% 25-400 21% G4 i T=a TR}
2-Butanane 408 159 =098 55 102% 0% 57 - 137 12 44 4N
n-Butyibenzene 208 208 =050 167 08 103% 35134 1% 30 D240
sat-Butylbenzene AT 211 =1.50 167 TaEs TE%: A7 - 137 1% 2% 024010
tarl-Butybenzene 211 20 .50 187 1 105% 44133 =1% 28 24070
Cartan disuifde 243 147 =059 344 2% 7% FLRRE 5% 40 024010
Carbon tetrachl oride LGe 1,92 <009 147 a86% 6% 47 - 127 13% i} 0332410
Chlorobenzens 202 204 =088 1.97 103% 102% LHIREE 1] 1% 2 a4
Diramachianmethana 191 1BE a0BE 1497 7% 2% 86 - 121 4% 14 oA
Chioroeibans A.54 4,32 =098 384 0% 108% . 145 200 §1 324
Chiorofom 2.0 bl i} <.00% 1.67 103% 101% 81124 1% 3 03240 i
Chioromethane 360 363 <L9F 364 L1 2% 20 - 142 TH 4B Q324011
Z-Chorolo e e 208 401 =050 187 104% 1% G2- 119 % 26 [3z4AHT
4-Chanatohiens 2.08 2408 =050 187 106% 10E% 85116 MM DAEAMD
1.2-Dirgmo-3-chigroprapang 168 166 <i1.55 187 BE3G % 55-1168 M 25 Garz4ia
1.2-Dsbromoethane 186 1481 ik 187 e G 54 -116 % 22 LA
Digramaomethans 154 203 =0,60 147 6% L 549 - 117 5% 23 [l t O]
12-Dichiorabenzens 1.84 1.88 =084 147 B3 2% B2 -417 1% 21 D324/
1, 3-Dickiarabanzens 1.968 198 <0089 197 A9 BE% B1-114 1% 24 032410
1,4-Dichiorabsnzans 183 185 <0088 147 23% 23% a4-114 1% 25 LSRR
Dichiomsfuommathane 433 434 <89 394 1% 1005 25.143% 1% 682 W Wi AAHD
1,1-Dichloroeshane 2.07 208 =0,099 197 T08% 104% 50-13% =1% k] aazain
1,2-Dichlomeshane 2.08 206 <1.0a8 197 R 103% 6-122 =1% a2 X2 0
1,1-Dishloiosthens 1.98 109 =020 197 oty a5% /-1 4% 8& 324010
cis-1, 2. Dichleroetbans 2.04 204 O LEH 157 103% 1024 45-120 «1% a7 a3Ea0
Ens-1,2-Cichilorpethene 2.12 21 =008k 1.97 1074 1068 A 127 =1% a& ek T Il
1.2-Dichloropreparns 2.21 218 =008 157 12% 110% 64-112 o 03z4M0
1,3-Dichloroprepans 208 1.96 =050 157 106% =0 55117 B% 24 0340110
2, 2-Dichleroprapane 2.: a3z =0.80 1.87 115% 116% 41-133 ki a3k DAZEM0
1.1 -DHehkeroarapsre 240 213 =0, & 187 122% 107% A7 - 110 12% 26 Wt oS0
tis-1,3-Dichfaroprapena 2.03 200 <0058 157 103% 1000 o115 % 2z LA
Irarg- 1, 2-Dichiorpropana 2m 1,90 <0088 197 102% 5 58 -127 6% 2z LaArEaro
Etfrylbenzens 210 208 =020 1857 106% 103% 55 . 117 2T 02410
Hegachlorcatadisne 170 1.78 =58 147 BB B 41. 148 8% 2B CIED
2-Haxanone 384 353 <().58 384 5T B, B - 126 B% 26 Tt ]
lodamathane 440 440 <0.52 384 108 Tk 41 - 151 X% &7 BAFAM]
Isopropyibenzens 200 1.94 <050 187 101% ELE 58-130 1% 28 BAZ4M
4-lsapropyiioluens 213 an =0.50 187 106% 108 44 - 138 1% 28 L3240
fethylene chionde 208 235 =049 1av 105% 8% 48.723 12% 37 24010
4-Methyl-F-pantancoe 168 i <069 284 B B EF - 124 1'% 5 032400
Mestyl tart-busyl ethar 4.5 4.49 =080 184 125% 1% B2 . 125 0% 24 L3240
Maphthalens 1.35 1.78 =060 a7 D4% fil: 5 T k] a% 26 24090
rePrapylbenzene 218 210 =050 1,497 110% 1W5% 51-129 E - | D240
Page 1of 2
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é Columbia QC SUMMARY REPORT

Analytical Services-

Client - Southwest Research instifufe MS, MSD REPORT
Wark Order - 10030347
Praject -

ms MSD  Samp Spike Ms MDD Lowr - High Y% RPD MS MSD  Dade
Analyte Rasult Result Res Value  REC REC % Limit RPD Limit Qual Qual Analyzed
Shyrens 212 20 =050 187 107 % 105% Y -123 1% s} 032410
1,112 Tetrachlaraethars 196 1,54 <0,50 1.67 175 R 50118 1% 3 [k e e ]
1,12, 2-Telracklaraethana 1.78% 137 =020 1.87 a91% A5 4. 133 1% i) DAZAMD
Tetrachioaethene 203 2m =0.088 1.87 103% T % 40 125 1% kil D3r2aM 0
Toluens 222 iz .20 147 113% 1113 S0- 128 =1% 28 20
1,2, 3-Trichiorobenzene 167 183 =50 147 B5% AF% 28.135 2% 13 D24
1,2 4-Trichiorebenzpne 1.70 1.67 < 50 .47 Bt 4% F1.125 % 27 Lazan g
1,1, 1-Trichloroathare 247 2.48 <0093 147 135% 124% 47 « 128 1% 31 stkr Tali]
1.1, 2-Trichloroealbare 2.0 1.87 =0.09% 147 102% aniy 5317 T 2 D324
Trichiomethene 232 218 =posa 187 1% AT 51-130 B M AED
Trichicealluoromelane 405 a8 =059 i 103% ot 36 - 133 B% 45 G240
1,2, 3-Tnchioropropansa 183 183 =00,60 187 P G7% 56 - 120 =% 2% DM24510
1,2.4-Trimathylbanzana 208 205 =050 1.97 106% 10G% 401289 % M QA0
1,3, 85-Trimmthy|benzana a1z 2.08 =0 50 1.67 0T 105 44 - 137 1% ] a0
Wiyl acetaie 283 2.36 <009 32 T2 59% 25- 170 1% 50 ax2a0
Wirnyl chicricke 3.65 ERE] <0.898 .84 21%, B0 28 144 14% a7 032410
Eylenes, Tosal G.02 54 =030 562 102% 95 52128 % oa24/10
4-Bromafiuerobenzens 510 50z 483 103% 101%, B2 - 135 BAZAD
Dibromaffasrorethane 5.34 554 4.93 10E% 111% 52 - 140 DAZEMD
1, 2-Defiforaefhamesdd 5.7 5.28 4,93 107% 108% #4-133 Darzann
Toduene-od 5.9 5.54 4.93 105% 111% E3-126 D240

Page 2 of 2
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Container type : JOAS

Columbia
Analytical Services*

Sample Receipt Checklist

k)

Client Name: &)l//ﬁ%i% ﬁt&'%fﬂA fnjy“:“-,éféc_/ Date and Time Received: /}’3%@ 42 50
Work Order Number: /00%0 297 Checked by, _/m

Checklist completed by: %,aﬂtu %@;/ ) Date: igv_'yf_ﬂ’ Logged In by: f‘m_ Date: %&%‘U

Matrix: 5'.@ Courier Name: Client CAS foly Reviewedby: S Date: 2 e,

Shipping contriner/cooler in gond condition” Yes T Mo [ Not Present [

Custody seals intact on shipping container/cooler? Yes [ No Mot Present &

Custody seals intact on sample bottles? Yes [ No [ Mot Present="

Chain of custody signed when relinquished and received? ch;ﬂ"—‘_"_;s; MNo© Mot Present L=

Chain of custody agrees with sample labels? ‘r’es.y?’ Nao [

Samples in proper container/bottle? YesT No [

Sample containers intact? Yes T Nao [

Sufficient sample volume for indicated test? Yes o Mo 0

All samples received within holding time? Yes [ No [0

Samples received same day of collection? Yes O Nc}@/ Temp:y?i. 7 Wellce Present [|
Where was the temperature reading taken at? Samples”  Temp Blank = Other:

VOA Water — VOA vials have zero headspace? Yes T No [ N/A L

Water - Microbiological bottles have = 2.5 em headspace?  Yes [ No [ NA#

Water — All sample pH's acceptable upon receipt? Yes O No [l NiAZ Checked by:

If No, list all sampics and bottle types that are not acceptable in Additional Comments section, Also state any correction actions.
Sulfide Water — Bottles have zero headspace? Yes [ Mol Nr‘A/EI’ {zero headspace = thun neck of bottle)
Dissolved Water Analytes - Field Filiered? Yes [ Noll NIA ,D/

Are samples received desmed acceptable? Yes [ Noo  If Ne then complete section below

PC MNotified Date; Imit: PC Init:

Client Notified  Date: Init: LM Date: LMl Drate:
Contact Name: i Action to take: Analyze [ Cancel [ Hald [ Oither:
Changes/Comments made on original COC? Yes [ N/A D Init: _~ Date:
Changes made in LIMS? Yes [ N/A Init: Date:

Additional Comments: /10 ?t ‘t?!_,;-'_f 'fl'&ivﬁﬂf@?{u(? o

CE-002-5RChecklist R4
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Appendix L

EPA Test Data — Tallow
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XENCO

Laboratories

Trans West Anahdical Services

3725 E. Atlanta Avenue, Phoenix, AZ B5040 | G02-437-0330 | www xenco.com

Movember 05, 2010

Secotl Hutzler

Southwest Research Institule
9503 West Commerce

San Antonio, TX 78227-1301

RE: 1440605001
Work Order No.: 10070103

Deear Scott,

NENCO Laboratories, Inc. received 1 sample on 7/08/10. The resulis of the analyses are presented
in the following report.

The Case Narrative of this report addresses any Quality Control and/or Quality Assurance issues
associated with this Work Order.

Analyses were performed according to our laboratory®s NELAP-approved quality assurance
program. The test results meet requirements of the current NELAP standards, where applicable, and
except as noted in the laboratory case narrative provided. For a specific list of NELAP-accredited
analytes, refer to the certifications section at www.xenco.com. All results are intended o be
considered in their entirety and XENCO Laboratories is not responsible for use of less than the
complete report. Results apply only to the items submitted to the laboratory for analysis and
individual items (samples) analyzed, as listed in the report.

If you have any questions regarding these test results, please feel free to call us at:
(602) 437-0330.

Sincerely,

,-"_’f' .

Skip Harden

Project Manager

ADHS License No. AZ0757/AZ0758/AZMTST

211
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XENCO

Laborateries
Trans Weast Analytical Senvices

Client: Southwest Research Institute
Work Order: 10070103

Project Name:

Project Number: 14406.05.001

Case Narrative

Samples were received intact and at a temperature of 24 4 degrees C.

All method blanks, laboratory spikes, and/or matrix spikes met quality control objectives for the
parameters associated with this Work Order except as detailed below or on the Data Qualifier page of
this report. Data Qualifiers used in this report are in accordance with ADEQ Arizona Data Qualifiers,
Revision 3.0 9/20/2007.

Data qualifiers ("flags") contained within this analytical report have been issued to explain a guality
control deficiency, and do not affect the quality (validity) of the data unless noted otherwise in the case
narrative.

N1: Analytical Comments for Method SWE8270C, LOCS/LCSD, Baich 6552; MS/MSIY was not
extracted due to the nature of the sample matrix. If exiracted, the spiked MS/MSD sample would
require such a dilution that spike compounds would not be detected. The benzoic acid recovery in the
LCS was low. No historical control limits have been generated vet for LCS/LCSD recoveries.

N1 Analytical Commenis for Method SWE260RB, LCS/LCSD, Baich 6551: MS/MSD was not
extracted due to the nature of the sample matrix. If extracted, the spiked MS/MSD sample would
require such a dilution that spike compounds would not be detected.

Tafl
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XENCO

. License No, AZDTST/AZMTST
Laboratorics

Trans Wes! Analytical Services

CLIENT: Southwest Research Institute
Project Name:

Project Number: 14406.05.001

Work Order: 10070103

Date Received:  08-Jul-10

Case Narrative
Data Qualifiers

One or more of the following data qualifiers may be associated with your analvtical and/or quality control data,

D1 Sample required dilution due to matrix,

D2 Sample required dilution due to high concentration of target analyte,

L2 The associated blank spike recovery was below laboratory acceptance limits,

M1 See case narrative,

S8 The analysis of the sample required a dilution such that the surrogate recovery caleulation does not provide

any useful information, The associated blank spike recovery was acceptable.

lafl
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x e " c o License No. AZOTSTAZMTST

Laboratorics
Trans Weasi Analytical Services

CLIENT: Southwest Research Institute

Project Name: Work Order Sample Summary
Project Number; 14406.05.001

Work Order: 10070103

Client Sample 1D Lab Sample ID  Test Code Collection Date Date Received
CL10-00932 10070103-01A SWHE260B 70610 12:00 AM  T/08/10 10:25 AM
SWE260TIC TG0 12:00 AM  T/0E/10 10:25 AM
SWE270C TG0 12:00 AM - TA08/10 10:25 AM
SWE2T0TIC TG0 12:00 AM T/08/10 10:25 AM
lLafl
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Approved for public release; distribution unlimited.



xe N co License No.  AZOTSWAZMTST

Laboratories
Trans West dnalytical Services

CLIENT: Southwest Research Institute

Project Name: R
eferences

Project Number:  14£06.05.001

Work Order: 10070103

Date Received: 08-Jul-10

XENCO Laboratories, Inc. uses the methods outlined in the following references:

Code of Federal Regulations, 40CFER, Part 136, Appendix A, JTuly 2005,

Stand ard Methods for the Examination of Water and Wastewater, 20th Edition, 1998,

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Revised March 1983,

Methods for the Determination of Inorganic Substances in Environmental Samples, EPASG00/R-93/100, Revizsed August
1993,

Methods for the Determination of Metals in Environmental Samples, Supplement 1: EPAGIOR-94/111, Revised May
1994,

Methods for the Determination of Orpanic Compounds in Drinking Water, EPA/G00/4-88039, Revised July, 1991; EPA-
60048 0020, Supplement 1, July 1990; EPA-6MVR-92/12%; Supplement 1T, Avgust 1992; EPA-G00/R-95/131, Supple memnt
I, August 19935,

Hach, Water Analysis Handbook, 3rd Edition, 1997,

Test Methods for Evaluating Solid Waste, Physical Chemical Methods, SW 846, 3rd Edition, 1986 including Update T, Juby
1992; Update 11A, August 1993; Update 11; September 1994; Update 1B, lanuary 1995; Update 111, December 1996,
Update [ILA, June 199%; and Update 1B July 2005,

Bureaw of Laboratory Services, State of Arizona Department of Health Services Method B015AZ.R1, September 1998,
(Comment: C6-C10 GRO reported by this method is not to be wsed in compliance siations)

ASTM MethodD4982, Annual Book of ASTM Standards, Volumes 11.01 and 11.02, 1995

The Determination of Polychlorinated Biphenyls i Transformer Fluid and Waste Oils, EPA-600 4-81-045, September
1982,

EPA Method 9013A, Cyanide Extraction Procedure for Solids and Oils. (Rev, 1 November 2004)

EPA Method 5035A, Closed-System Purge-and-Trap and Extraction for Volatile Organics in Soil and Waste Samples (draft
rev, 1 July 2002}

EPA Method 50300, Purge-and-Trap for Aqueons Samples (rev. 3 May 2003)

Office of Ground Water and Drinking Water Technical Support Center, EPA 815-R-05-004, Manual for Certification of
Drinking Water, (5 Edition January 2005)

Tofl
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XENCO

Laboratories

Trans Wast Analytical Services

License No.

AZNISTIAZMTST

CLIENT: Southwest Research Instituie Client Sample ID: CL10-00932
Work Order: 10070103 Collection Date: 7/62010
Lab Iy 10070103-01 Matrix: Ligquid
Project Name:
Project Number: 14406.05.001
Date Date
Analyte Result PQL  Qual Units DF Prepared Analyzed Analyst BatchID
TESTMETHOD: SWEITPC  PREP METHOD: SWISS0A Test Performed By: AZOTST
Acanaphthans <20 2000 [} makg 20 SIS0 TR0 2 JH 62
Beenaphthyieng <2000 000 o] ma¥g a0 THRIOISMD TR JH 52
Anlhracans <200 2000 m mg'¥a 20 SIS0 TR0 JH ge52
Aztbanzane <2000 2000 o mokg 0 TISNCIEA0  TRNNHE JH a2
Banz{ajanthracane 200 2000 m L] 20 TSN0IS40 TR0N02129 JH Ga5e
Banzofa|pyrana <2000 2000 m mp¥g 20 TSN0I540 RO 2IES JH fisag
Banzofbjflucranihens <200 2000 o g 2 THEMBAS40  TROMOZIZS UM g552
Banzolg,h fparyens <2000 000 o mokg 20 THEMGIS40  TROWOZIZS UM fs52
Banzofk|fluaranthane <200 2000 m mp¥y 20 THshois40  TEohoziEs JH fis52
Banzoic acid <0 W0 L Mgy 20 Tsh0isA0  RENmE M B2
Banzyl aloohal <2000 2000 o mgKy M ML TR M B2
Bis(2-chiomathawyjmethans <2000 2000 m ma%g 20 WE0E TN JH 552
Bis(2-chiomathyllether 2000 200 | g 20 TR TR0 | 552
Bis(2-chiomsopropy)ether <2000 2000 m g 20 MmN e JH o2
Bis(-ethylhexyl|phthalate <2000 2000 | g 20 TEeEN Taenze JH (=
&-Beomaphemyl phenyl sther <2000 2000 o1 kg 0 TASM0ISE)  TEUIZIE UM f552
Butyl benzy! phthatzie <2000 2000 o miky 20 TOEMOEAD  TEOM0Z428 M fid
2Chipra-3-meinyiphencl <2000 2000 vl mgkg 20 TOEI01EAD TERO0212F UM 652
4 Chigeoaniine <4000 4000 1 mghg 0 TEM01RAD  TEOM02EF M #552
2-Chiororaphinaiens <2000 E000 o gy o0 TEEMOiRAD  TEOMO2EER U 8558
2-Chinrophent <000 2000 o1 mgkg M THSADIEAD  TEOAO2IEE M 2552
A-Chioeophany pheeyl athar <2000 2000 [l ma'y M THEA01E4D  WROAMO2128 JH 8452
Chrysara <2000 2000 o1 mykg l THSADIEAD  TROTO2LZE UM E=
Di-n-tutyd phihalate <2000 2000 o mg'g 30 TISA0IEA0 TRE0ENEE UM a5
Di-n-octyl phihalate <2000 2000 D1 mgkg 20 MEN01EAr TR0 UM 852
Dibenzlahjantheacers <2000 2000 D1 mgHg 0 TISNMEAD  TRI02EE M g2
Dibanzofuran <2000 2000 D1 myHa 20 TISWNE40 TR0 2128 JH G362
1.2:Dichioraberizans <2000 2000 o1 mgHa 20 TISMDIE40  TRMMO2I2E JH Bi52
1.3 Dichiorobenzeans S0 2000 o1 mpkg 20 THSMDIG40  TRMMOM28 W BE62
1.4Dichlorobenzens <2000 2000 o1 mgkg 20 THSMDIG40  TRMNWOZ2E  JH B352
34" -Dichlorobenziding 10300 10030 o1 mg¥g 20 THSMDIG4C  TRMIOHEE JH f352
2 ADichlaraphancl <2000 2000 o1 mgkg 20 THEMDGM0  TRMMAE M fa52
Diialinyl phihatata <2000 000 o1 mgg 20 THEMOMGMO  TEMOEES UM Bas2
Dimattd phitvalats <2000 3000 il mafg 20 THEMDIR4D  TEMW0EE M [
2 A-Dimethylghanc <2000 2000 i mag 0 TS50 TEVIEE M 552
4 8-Dinitra-2-mattyiphunal <4000 4000 M mafkg 20 TMEMOISED  TEw0EE W A5m
2 A-Dinitrapianal <2000 2000 o migkg 20 THEM0ISEd  TEUI0EIRR M 852
2 4-Dinitrataluane <2000 2000 m mgg an  TMEMDISED  TRNRNRE M B552
2 g-Dinitrababsne <2000 2000 m mo/kg 20 TMEM0ISA0  TRUNIEZ JH 55
lafd
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XENCO

Laboratorics
Trans West Analytical Senices License No.  AZD7ST/AZMTS7
CLIENT: Southwest Rescarch Institote Client Sample 1D: CL10-00932
Work Order: 10070103 Collection Date: 7/62010
Lab TIx: 10070103-01 Matrix: Liquid
Project Nam:
Project Number: 14406.05.001
Date Drate
Analyte Result POL  Qual Units DF  Prepared Analyeed Analyst  Batch D
Fhicranthens <2000 000 o oKy 30 TIEI0IE4D  TE0ZIZs JH #ae
Flucrera <2000 2000 m mgkg 20 THEMO1E4D  TEAMEH®  H )
Haxachiorobenzene <2000 i) o mgg 20 THEND 1540 TRAW0H 29 JH 52
haxachiorobutadians <2000 i) o mokg 0 THEM01540 TR0 29 JH 52
Hayachiorocydonentadiane <2000 aalni] o m'kg 20 TS0 1E4D TR 28 JH 52
Haxachiceoeshang <2000 2000 o mgkg 20 THEN0E4D TR0M0ZIE9 JH &2
Indera{1.2 3-cd|pyrena <2000 00 m mokg 20 TEN0IEA0 TROWZIE JH pEa2
|saphosona <2000 2000 om mokg 0 THEN0ISAD  TROMZE JH Ba52
2-Methyinaphihalens <2000 00 m makp 200 TSI TR0 JH fEe
2-Methyiphencl <2000 200 m mg'kg 0 TSR0 TROMNE H B2
A-hathyiphencl <2000 2000 o Ky 0 THENO 1S40 TR0 29 JH BE62
N-MRrosodkr-propylamine <2000 00 om Ky 20 TS0 1540 TR0 JH 562
N-NEgodiphenytaming <2000 ] o Ky 20 THSN01S40 TR0M0IIES JH Bi362
Maphihalens <2000 00 m mg'Ky 20 THEN0ISAD  TROM0ZIE W Bi52
Hitrobenzensa <2000 2000 m mg'Kg 20 THEMOIS4E  TROM0ZIES W B3562
2-Hitropharal <2000 00 o makg a0 TEN0EA TRNZIE UM B362
4-Mitropharal <H000 [Z0v] o1 MKy 20 THEN0ISAD  TROM0ZIES UM BsG2
Penlachiomphins <4000 4000 o mgkg 20 SIS0 TRMMHE M Big2
Phanantheena <2000 2000 m mkg 20 TIEMISAD  TROM0ZIZS UM f352
Phanal <2000 2000 m mgky n TIEWISAD  TROM0ZIES UM 8352
Pyrana <2000 2000 m mgky M TSNS TRMMOHIE M 8352
1.2 &-Trichkorabenzens <2000 2000 ™ mgKy 0 THSMONSA0 RO M G552
2 4 B-Trichlaraphanal <2000 a0 il mgky 20 TH5M0E40  TRM0ZEg M 552
2-Chloraphancl-dd(Surrogate) 0 52148 58 WREG 20 THSN0TEAD TROM02tE JH g8
1.2-Dichlorabenzana-dd|Sumogats) 0 54148 58 WRECG 0 THENDAE4D  T20M0E JH (i)
2-Flucrabiphany{Surragata) a 54142 58 WREG 0 THEN0AG40  TR0MD2IE JH (il
2-Flucrophanal{Surogate) 0 54-144 58 WREG 0 THEND G40 T0M02129 JH il
Mimoberzens-d5(Surogate) a 50-151 58 WREG 20 THEND 1540 TEOM021E9 JH 4652
Prenokds(Sumogate) 1} 51-149 58 HRER i THENDIG40  TEOMO021R JH il
d-Terphanyl-d14{Swragats) a 58144 58 WREC i THENDISH0  TEOMO21 JH 8652
2 4 B-Tribromaphenal[Surogats) Q -129 i) WAEG i MENGISA0  TROM021:29 JH 8552
''''' TESTMETHOD: SWRM0S PREF METHOD: SWSIA54 Test Parformed By: AZOTST B
Arlona <1400 1400 8] mgka 30 MIEN04as WI8N01%28 FAH 551
Banzena <47 47 ] mgkn B30 ISA04AE WISN01E4E AH 551
Bromobanzena <30 230 b1 mgkg a3 TIEI0N4Es TIEM0iR4 BH 6551
Bromechioeomathare w7 47 [l mpkg 930 TiSA01435  WiSN0 1R48 AH 8551
Bromed ichlcromathara AT 47 o1 mpEy Q30 TIEA1435 TS0 18R AH 8551
Brometom a3 <] (o mgi¥g Q30 TIENIeN4A8 W0 1kaR AH 8551
Bromamithanag <470 470 [}l mp¥g Q30 TISA01438 TS0 14l FAH 8551
2-Bulanona 470 470 [ mgi¥g 930 WISI014ME  TI0edE  AH 51
2afd
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XENCO

Laboratorics

Trans West Analytical Senices

License No. AZ07S7/AZMTST
CLIENT: Southwest Research Institate Client Sample ID: CL10-00932
Work Order: 10070103 Collection Date: 7/6/2010
Lab ID: 10070103-01 Matrix: Liguid
Project Name:
Project Number: 14406.05.001
Date Date
Analyte Result PQL  Qual Units DF Prepared Analyzed Analyst  Baich ID
n-Butylbenzene 570 230 o2 mg'kg 93 MIS0I4aE TI9N018M B 51
sec-Butylbenzene 500 260 o] magka 30 IS0 W0 e A 551
lert-Butylbenoen =230 25 1] mg'g 930 M0 TsN0 1848 AH =51
Carbon disufice <ATD 70 (5]l mgka 930 TISN01435 W90 1848 A 551
Garhon tetrachioride <47 47 [ mg'a 930  TIF0I43E  TieN0wmw AH 51
Chicrobarizans <47 47 ] mgika 930 TS0 TIEN0eE A 851
Dibramochicromathana <47 47 ] mgHa G50 M0 WISN0IAE FAM 851
Chicroethane <470 470 B mgkg 30 MIEN0IE3s  TISH0IRME A 8351
Chiorofam AT 47 o mgHg 930  TISN01435  THSA01BMB AM 6361
Chicromethans <ATD 470 D mgHg 430 TISI0N435  THSM01R4E A 6551
2-Chlorofoluena =230 2% [l gty 930 TISA01435 1801848 AH 6361
&Chlorofolena <230 2 [l myHy 930 TAS101435 1901848 RH 6361
1,2-Dibrome-3-chioropropana =470 AT D1 myitg 930 TISN01€35 TS0 1848 RH 6361
1. 2-Dibrormeethane 4T0 4T Kl myKg g TISN01435 TS0 1848 RH 6361
Dibramaomathane <230 2m o1 myHg 930 THS101435 TR0 1848 AH B361
1.2-Dichlorobanaane <47 47 D1 Mgy 93 TMSI0MEs TIe101848 RH 361
1, Z-Dichlorobandeni =7 47 D1 a0 g TS0 TIE0 1848 AH 6361
1.4-Dichlorobanzane <47 47 o1 it 93 TS0 TEN0 1848 AH B261
Dichlorodiuarmethans <470 4 D1 kg 930 TS101438 790 1848 AH 261
1,1-Dichloroathane <47 47 [l kg 930  THSID1438  THE0 1848 RH BEE1
1,2-Dichloroathane <47 47 D1 kg 530 THEI01438  THE10 1848 RH BEE1
1,1-Dichioroathens <03 a3 D1 kg 630 TEI01435  THE10 1848 RH G851
cis-1,2-Dichiomsathens <47 47 D1 mghg 830 THEID1435 M0 1848 RH BEE1
rans-1,2-Dichigroathane <47 47 D1 mghg 30  THEIDI436  WIWI0 1848 EBH BE&T
1,2-Dichioropropanse <7 47 D1 mp¥g 630 TIENQ36  THHI0 1848 RH BB
1,5Dichloropropans <230 230 [n}] mi¥g 830 MIEWACE THI01848 RH B84
2 2 Dichloropropane <230 230 oi mgfg §30 THBMD 43S THWI0MEME  RH B
1,1-Dichlorapropene <23 230 ol mag 530 THEMD143  THMIIEME  RH [13)
ois-1,3-Dichioroprapene =47 47 o mi¥g 0 MEMEE PRI 18 AH E&
trans-1,3 Dichioroprapens <7 47 D1 ma¥g 30 ME0E THAIIRLE AH 255!
Ethylbenzene 540 a3 D2 maKg g30  TMEMDI4M TMB0IEEE RH s
Heachlorobutadians <470 470 3] mog B30 WIEM0I4AS TMAN0IESE RH 551
2-Hexanone <470 470 (] migHg 930 TEM0143s  MAiiEs pH E551
lodomethane <470 470 o] moKg B30 WENO 143 TMAM0IE4E RBH 551
Isopropylbenzens 260 230 o2 maHg 30 WEM01435 THAM01EsE AH 551
4-lsopropyftoluene 3mn < 1i] b2 mglkg Qah  THENG 45 TS0 1RdE AH 851
Malhylare chicride <47 47 i) mgikg 430 TMEMR143S  THAMO1E4E RH 851
4-Miihy-2-pantanong <7 470 0]} ma'kg g30  WIEA01438  THAM01E4E RH 851
Malhyl teet-butd ether <230 230 o makg 930 WEA01438  THEA01E4E R 851
Naphthalene 580 230 ] myKg 030 TMEA01435  THAM01EME  RH 561
n-Propylbenzene 580 230 o] maKg 030 TEM01438  THAM01B4E  RH B561
Fof4
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Laboratories
Trang Wast Analytical Services

License No.

AZNTSTIAZMTST

CLIENT: Southwest Research Institute Client Sample ID: CLI0-00932
Work Order: 10070103 Collection Date: 7/6/2010
Lab ID: 10070103-01 Matrix: Liquid
Project Name:
Project Number: 14406,05.001

Date Date
Analyte Result PQL  CQual Units DF Prepared Analyzed Analyst BawhID
Styrana <23 230 1] myKg B30 THSH01435  TISA0B4E RM 851
11,1, 2-Telrachloroatars <230 230 o mEy B0 TSN01435 7901848 AH B551
1.1,2.2-Talrachloroatars <53 k3 m mpEg B30 TS01L35 TR0 1848 A 551
Tetrachinrathang A7 & o Mg §a0 THSI01E3S  THEM0R4E R 51
Toluene 520 93 o2 MKy §30  TISI01E3S  THIM0IRAE M 851
1.2 3 Trichlcrobarzans <23 230 m mg B30 WS0ESE  TNH10 1848 AH a6l
1.2 4-Trichlcrobermane <23 230 o mip 830  THSM01435 TS0 1848 AH 1]
1,1,1-Trichicroathans AT 47 o1 map G430  TAGM01438 TS0 1048 RH L]
1,1, 2-Trichlcroathane 7 & o1 mgfyg B30 THSMO1&3E  THSM01048  RH ]
Trichloroathens a7 &7 o1 moyg B30 THSM01E3S  THHI0184E  RH 851
Trichlorofuoramathane 4T 470 m mgy B30 TEN01435  THSA0 1848 RH 61
1.2 3 Trichloroprapana <23 230 o map B30 TSM0143E  THSA0 1848 RH 61
1,2, 4-Trimethylbenzena 1500 230 oz mgy §30 THSN0438  THSA0BME RH 5351
1,3,5-Trimethylbenzene Tin 230 D2 maky B30 THSHOME3S  THRM0184E  RH |
Vingl acetate <470 470 o maky §30  THSM0143E  THSMOME4E  RM 6351
Vinyl chioride <470 470 m makg §30  THSM0M43E  THSM01E4E  RH 8351
Kylenes, Total 2400 140 o2 makg §30 THSM0M38  TAEM0184E RH BI51
4-BromofivorobenzensSurogate) a 62-123 5B REG B30 TEM0NA3E THSN0 148 RH G561
1,2-Dichloroethene-dd{Sumopats) a 54-133 5B “REG 830 WS TS0 148 RH G581
Dibromoflucromethans(Surrgats) a 52-140 S8 W%REC 830  MEMAE THANO01R4E  RH G551
Toluene-daiSurogas) a E3-128 =] WREC 430 MMEM04E THOMO1R4E  RH 551

dafd
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TENTATIVELY IDENTIFIED COMPOUNDS

EPA METHOD 8260B

CLIENT: Southwest Research Institute Client Sample ID:  CL10-0932

Work Order: 10070103 Collection Date:

LAB ID: 014 Matrix: Liquid

Project Name: Date Prepared:

Project Number: 144046,05,001 Mate Analyzed: 0771910

Nao. CAS# Compound Name Amount
(mgKe)

| 6008817 | 2cthyl2-methyl-l, 3-ditholane - 00

2. 135-98-8 [ 1-Methylpropyl)benzene 1404

3. 874-41-9 1-Ethy]-2, 3-dimethylbenzene 14060

4 135003 |12Dethylbengene 3700

5. 15869-89-3 2.5-Dimethyloctane 1400

6. 2216-33-3 3-Methyloctane 44000

7. 3911-04-6 3-MethyInonane | 2200

3 17453939 5-Methyldodecane T

N 111-65-9 Detane 2100

10, 111-84-2 Nonane 4200

11. 124-18-5 Decane 2300

12,

13,

Values reported for Tentatively Identified Compounds are estimated.
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TENTATIVELY IDENTIFIED COMPOUNDS

EFA METHOD 8270C

CLIENT: Southwest Research Institute Client Sample ID:  CL10-00932
Work Order: 10070103 Collection Date:
LAR ID: 01A Mlatrix: Liquid
Project Name: Date Prepared:
Project Number: 1440605001 Date Analyzed: O720/2010
No. CAS# Compound Name Amount
(mg/Kg)
1. 111-84-2 | Monane 1300
2, 1112-40-3 Dodecane 1900
3. 626-59-4 Tetradecanc T 1900
1- |
T
S
Elmmnn :
8- ——
9.
10, T
11.
12,
13.
14,

WValues reported for Tentatively Identified Compounds are estimated.

221

Approved for public release; distribution unlimited.




x enc o QC SUMMARY REPORT

Laboratories
Trans Wast Analytical Services

Cllent - Southwest Research institute MB, LCS, LCSD REPORT
Wark Order - 10070103
Project -

ME LCS LCSD Spike LCS LCSD Leow -High Yo RPD MB LCS LCSD Date
Analyte Result Result Result Value REC REC Yo Limit RPD Limit Qual Gual Qual Analyzed

SwsieoB
Batch /D - 6551 Frep Date - THS90 14:32 Units - mg/Kg
SAnatong =16 FE 21 200 10E% 108 52 -140 1% 23 )] M1 aTHeMn
Henzena =0060 0802 0,884 1.00 % BE T30 2% 20 M1 H1 aTnenn
Bromabaenzong <025 [ek ] 0.95% 100 % HE m-13a 1% 20 M1 M1 OTEnn
Bromaochloromeshana <0060 a5 0.E58 100 85% a5 0 -130 1% 20 M1 M1 oTMEND
Bromodichioromethana <0, 050 1.01 0,588 100 101% g% 0-130 3% 20 M M1 OFHEND
Bromafoem =010 1.02 1.02 100 102% 102% B4 - 120 <% 20 M1 M1 OTHEND
Bromomethane <050 147 1.26 z0a % 5% Z1- 188 h i} M1 M1 ovHEMD
2-Batenone <0.50 218 213 200 108% 10T m-133 1% 23 M1 M1 DTHMEND
n-Batylbenzena =0.25 0473 0,838 1.00 a7 4% T0-130 4% 20 M1 M1 OFMEND
asac-Bubylbanzana =0.25 aarm 0.883 100 B&% BE% 0= 130 % 20 M1 (3] OTHEND
tert-Batylbanzana =0.25 3.985 0.E3E 1400 89% Sd% 70130 5% 20 M1 M1 OTHEND
Carban disulfide =0.50 155 1.48 240 T T4% 43 - 184 5% 38 M1 M1 oTMEND
Carban telrasshionide 0,050 0,982 0,862 100 L 5% 70120 2% 21 M [£h] oTMEND
Chiorobenzens =050 aar2 0,848 1,00 ari 5% To-130 % 20 M1 M1 aTMenn
Dibromechieromathane <080 102 1.00 100 102% 100 - 130 2% 20 M1 M1 oTEND
Chioroathara: <050 132 1.37 200 GE% a5% 35- 156 4% 48 M1 M1 OTHEND
Chiomdomm <), 05 0.820 0.503 1.00 2% 0% 0130 2% 20 M1 M1 [T
Chlgromethana <Q.50 1468 1.91 200 84% 96% 36 - 153 13% 4 M N1 orMeND
2-Chloroiglsane =025 0.966 0574 100 aTH 9% 70130 1% 20 M1 M1 DTHEMD
4£-Chlorriclsane =0.25 1.02 1.00 1.00 102% 1005 - 130 2% 20 M1 M1 OTHEND
1,2-0ibroma-3-chiaropropane =0.50 106 1.08 100 1063  108% B4 114 3% 20 (& M1 OTHEND
1. 2-0ibromaethans =0.50 0.987 0.B3E 1.00 9% 9% 0= 130 <1% 20 N1 £l OTHEND
Dibromomedhans =<0.25 0.9 0.658 1400 9es 9% 70- 130 &4 20 N1 M1 oTHEND
1, 2-Dichlarobanzens =, 050 0,940 0,821 1.00 a4, a92% 70130 2% 20 (£ h] M1 arHeM0n
1,20ichiorobenzens (060 0,882 0,66 100 S8, 93 -3 kL 20 M1 M1 aTEnDn
1,4Dichlrobanzane <105 0982 0,543 100 95% 9d% -3 1% 20 M1 M1 aTHEAD
Cichlorod@fluoromethana =0.50 144 1.50 200 TZ% T 12- 188 4% 48 M1 M1 avIEN0
1,1-0ichiaroethans =105 0.5589 0.B73 1400 arth ar 0-130 % 20 M1 M1 avIEM0
1.2-Dichiorosthane <1050 0985 0.ps2 100 1007 96% 70-130 % 20 M1 M1 (RIS ]
1, 1-0ichioroathans =0.10 0.77s 0.741 1.00 TE%W Ta% 50-126 4% 21 M1 M1 avENn
ciz-1, 2-Dichloroethana =050 0.915 0.E50 1.00 2% aE% 70130 4% 20 M1 M1 [ it ]
firams-1,2-Dichloroethans 0050 0.581 0.851 140 B&% A5 T0 =130 % 20 M1 M1 aTHEAD
1, 2<Dichlaropropans <0050 0.974 0,853 140 7% BE T0=130 1% 20 M1 M1 aTHEAD
1,3-Dichlarsprapars =025 0.984 0.E58 100 GE a7 70120 2% 20 M1 M1 aTHEND
2 2Dichlarepropans «<0,25 0,984 0,831 1.00 &M a3 B4 -123 6% 20 M1 M1 OTHEMD
1,1-Dichlaroprapene =026 aa41 0832 100 4% 9% 70430 2% 20 M1 M1 aTMEMD
cis-1,3-Dichloropropana: =060 0985 0,538 180 7% 9% Th-130 % n M M1 aTHEMD
trans-1,3-Dichioroprapans <0050 198 143 100 118% 113 0-130 A% 20 M1 N1 ATHBAD
Ethylbenzense =00 g.982 0.553 100 % 9T =130 % 20 M1 N1 QTAEMD
Haxachlorobutadiens =0.50 3963 0541 100 8% B 0 -130 2% 2n M1 H1 GTAEMD
2-Hewanone =0.50 2.25 227 200 1133 1M4% T-130 1% 20 M1 H1 QTHEMD
ledemathane =0.50 1.3 130 200 T a5% 53 -167 % 31 M1 M1 QTHEMG
Isoarapybanzens =0.25 105 102 100 105% 102% T =130 % 20 M1 M1 QTABMD
d-lsopropyitalusne =0.25 1.01 0,833 100 101% 85 T =130 2% 20 M1 M1 OTEMD
kethdans chiafde <0.50 01 0.556 1.00 Ba% ars T =130 % n M1 M1 OTABHD
A= Mattryl-2-parlan one =0.50 2.2 222 200 110% 1119% T =130 % m M1 M1 OTHEMD
ket teri-bulyl ether «0.25 203 186 200 102% BE% T0 =130 % m M1 N1t 0T
Haphthalens <0,26 0981 101 100 8% 101% T =130 % 0 | N1 0THan
Page 1 of 3
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Trans West Analytical Senvices

Client - Sou R

Work Order - 10070103
Project -

Analte

A-Propyibenzend
Styrarw
1,1,1.2-Tetrachicrogthana
1,1,2,2Tetrachloroethane
Tetrachlcronthena
Takiana
1,23-Trichlombenzena
1,2 4-Trichlprohenzena
1,1.1-Trichlomathane
1,1 2-Trichlonsathane
Trichlonethans
Trichlonalusremethans
1,&3-Trichleoprapane
1,2 4-Trimattyibarcene
1,3 8-Trmeth beneene
Wi acatate

‘wimd chioride

Hytenes, Tols!
4-Bromoffuorobenzens
1, &-Dichioroethane-dd
DibromofTuoromatitans
Toluena-o8

QC SUMMARY REPORT

ME, LCS, LGSD REPORT

Batch ID - 6552  Prep Date - 71510 15:40

acoraphihens
Acanaphiyons
Anthracona

Azobanzans
Baraizjanthrecana
Baraa|a|pyrane
Earaa|b|fucrenthans
EBarzalg,h,i[pardena
Barzak|luaranthena
Bearmaic acid

Beray alcahol
Bis{2-chlorogthaxy)methana
Bis{2-chioroatiijethar
Biis{2-chipmisapropyljather
Bis{Z-athyhex phihalate
4-Bromoghemy phanmyl ather
Butyl benzyl phithalate
4-Chiarp-3-methyiphanal
4-Chioroaniling
2-Chioronaphihelana
2<Chioropheno|
4-Chlorophend phenmyd ather
Chryseana

Di-n-baityd phfualate
Dien-octy phitalate

=100
<100
<10
=100
<10
<100
<100
<100
<100
<1500
<100
=100
<100
<100
<100
<100
=100
<100
<200
<100
<100
Ratin]
<130
<100
<100
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LCS LCSD Spike LCS LCSD Low-High % RPFD MB ~ LCS LCSD Date
Resull Result Value REC REC % Limit RPD  Limit Qual GQual Qual Analyred
101 Qs 100 1% Al Vi - 130 1 n M1 M oTHaMg
100 0885 100 100% 8% Te-13 b w M N o780
0591 0887 1.00 9% b o -130 % 20 M1 5] OTMEMD
1.08 105 100 105%  106% T0- 130 1% feiv] M1 K1 OTIIEMD
BETE  0OEA 100 STR 0PN TO-130 1% m N o7EM0
0.4 fetekc ] 1.0 % 2% =130 2% 20 M1 H1 OTENG
04 LeE-1] 1.00 B 0% T -120 5 20 M1 M1 OTHEMD
[PRL 0914 1.00 3% % T -130 % 20 M1 N1 OT/TEMD
0858 0.938 1.00 0% Bt T =130 A% 20 M1 Wi OTHEMD
1.02 0aT3 1.00  102% BT T =130 5 2n Lo 1] OTHMEMD
033 0935 1.00 3% B35 T0-130 1% 20 M1 M1 OTHEHD
1.65 1.81 2.00 TE% B1% B4 - 138 4% a4 ! 811 OTHEMD
1,01 104 100 101% 104% T30 5 2 W W 071810
DO6d 0932 100 8% BA% 70130 [ an M M 07/18i10
0542 Lokl ] 1.00 B4 T4 T -130 ] 20 53] H1 O7HMEM0
218 214 200 109% 10T 27-183 % 20 M M1 O7MEM0
1.78 180 200 9% B 3 - 154 T4 20 M1 M1 o7Meng
2802 2851 3.00 BT 5 - 130 1% 20 L) M1 o7MEND
230 2. 2.50 2% BEY BZ-123 OTMEMD
200 182 2.50 a0% T 54-133 O7MEM0
191 185 2.50 TE% T4% G2 - 140 L7MEMD
1.87 1.89 2.5 9% TaY B3-128 0TGN0

swazroc
Units - mg/Hg
147 10 1B @E%  100%  70-130 b33 o M H B840
148 162 163 g% 1% Tk - 130 2 Fl H1 i i Ep L]
144 W6 180 6N OTH Te-13 % k! [ 071810
frerst) 24 200 110% 12N - 130 2% o L)) 1 07EM0
148 151 150 9% 1% T - 130 1% o L1 M1 o7MEM0
144 148 150 P 7% - 130 1% m Ni N1 o750
130 139 150 B3 5% TH-130 <1% 20 Ni M1 o7MEMD
143 145 150 % BTG - 130 1% 20 N1 MY O7MEND
158 164 150 105%  109% - 130 A% = N1 M1 OTMEND
d0d 415 aod 67% A% 70 = 130 3% o L2 M1 ¢} o7 EN0
168 W8 0 BA% W% 70-130 1% 0 N1 LZWi 07EM0
169 02 04 100 1% T 130 1% b1} M1 M1 o510
181 B4 200 w% OTH 70-130 2% 2 MM 07HED
0 07 00 10a% sl To- 130 1% ] W1 M1 O7TME0
20 25 00 113% 1a% To - 130 <1% 0 h1 M1 OTHED
ME 2E 01 0% 102% To-130 1% 2 Mi M oTHED
194 1% 0t R 0% Th- 430 18 20 M1 M1 aTMEno
98 4 400 100% 100% T0- 130 1% 20 M1 M1 aTMEND
194 194 0 W% % 70 - 130 1% 20 W1 M1 amEnn
198 202 200 A% 101% T0- 130 3% 2 h1 M1 aTMEND
ar 389 400 % a7 70 - 130 1% i M1 M1 ariea
204 203 200 0% 102% T0- 130 <1% 20 M1 M1 aTMEno
147 143 150 BA% % T0- 130 1% 20 M1 M1 amenn
ikl 05 200 102%  100% TO- 130 1% 20 M1 M1 ameno
il 208 200 104% 104% TO = 130 L3k 20 M1 2] aTEM0
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XENCO

Laboratories
Trans Wast Analytical Services

Client - Southwest Research institute
Wark Order - 10070103

QC SUMMARY REPORT

MB, LCS, LCSD REPORT

Project -
MB LCS LCSD Spike LCS LCSD Low - High % RPD MB LCS LCSD Date
Analyle Result Result Result Value REC REG % Limit RPD Limit  Gual Qual Qual Analyzed
Dibarz{a hlanthracana =100 143 146 150 08 aT% T0- 130 2% 20 M1 M1 O7TMEID
Dibarzafuran =100 168 a4 a0 99% 102% T0-130 EE 0 M1 M1 O7ME0
1,2Dichiorobanzana <100 196 2m a0 % % 70 - 130 k1 20 M1 M1 O7HED
1,3Dichiarabarzana =100 158 187 a0 §E% 89% 70 - 930 13 20 M1 M1 oTMED
14-Dichiorobanzara <100 202 204 o0 % 102% - 130 1% 20 M1 M1 oTMEND
3,3 -Dichlprotenziding <500 155 158 a0 TEN TE% 70- 130 2% 20 M1 M1 oM
24-DicHioraphend <100 =] 388 400 100%  100% 70 - 130 =1l 20 M1 M1 arEI0
Diethyl phibalate =100 204 208 200 102%  104% 70« 130 2% 20 M1 M1 oTMEID
Dimethyl phibalste <100 186 158 200 % EEED 0= 130 1% o] M1 M1 oTEn
2 4-Dimatindphanal =100 aE2 A6 40 4% a0% T30 1% 0 M1 M1 arisio
4 g-Dinitm-2-methyiphenol =300 b ] i) 400 @ a9 - 13 2% 20 N1 M1 oTMEND
24-Dinitrmphanal =100 L] ar4 00 G2% 0 dek T0- 130 14 20 M1 M1 oTMED
24-Dinitrotalugne =100 203 204 200 102%  102% T0- 130 <1% an M1 M1 oTHE0
2 g-Dinitroiolusne <100 1456 202 M0 98% 1% T0- 130 EE 20 M1 M1 oTHED
Flugranihens =100 14 144 150 W% 6% - 130 2% 20 M1 M1 oTMEno
Flugrana =100 154 1568 180 108%  104% - 130 1% 20 M1 M1 aTMEno
Hexachlorobanzana <100 208 207 00 103%  104% T0- 130 1% 20 M1 M1 aTiEno
Hexachlorobutadiens <100 181 185 a0 86% %8 70 - 130 2% 20 M1 M1 aTMEnn
Hexachlorocyclopentadiens <100 171 178 20 8F%  49% 70 - 130 3 20 M1 B ariEnn
Hewachiorogthana =100 208 210 200 1% 105% 0= 130 1% 20 M1 M1 afso
Indianal1.2,5-edaytans <100 143 146 180 98% W% 0. 130 2%, 20 M1 M1 afEo
Isaphiorong <100 181 182 a0 WH 70 - 130 1% an M1 M1 aTen
Z-Methyinanhibalene =100 205 207 200 108%  104% 70 130 1% 20 M1 M1 oTMEM0
2-Medhylphanal <100 & ] El a0 00 aak 0 - 130 1% 20 M1 M1 aTMsM0
A-Medhylphenal <100 415 217 400 104%  104% 0 - 130 1% o M1 L] aTMEMD
N-Niirosod -n-promdaming =100 212 il a0 10E% . 108% - 130 1% 20 M1 M1 OTMEMD
N-Nitrosedizhenamine =100 144 150 a0 TN TR T0-130 4% 20 M1 R aTMeno
Neghthalana <100 153 152 150 102% 1MM% 70 - 130 1% 0 M1 M1 aTMEo
Hitrobenzana <100 203 208 00 105% 104% 70 - 130 <13 20 M1 | aTHEMD
2-Mitroghanol <100 ara 387 40 BS% BT 70 - 130 2% 0 M1 w1 aTeM
d-Milroglancl <300 ar d83 400 B4 Ba% T =130 5% 20 H1 K1 aTEMD
Perlachlarepheral <200 282 284 M TE T 70130 1% 20 M N1 aTE
Phenanthrang =100 161 162 160 1% 101% 70 =130 1% mn M1 N1 GTHEM0
Phenol =100 ara a4 40 5% 8% T =130 2% 0 M N1 ATHSM0
Pyrene <100 145 148 160 7% sA% =130 2 i M1 | GTHSM0
1.24-Trchlorchenzens =100 2 208 03 10E% 105% T¥-130 1% 0 M1 N1 G750
244-Trichiarophanal =100 ara ars 40 A% BE% T-130 2% b M N1 OTHSMD
2-Chigrophenol-gdd o 204 2058 g pek  pek 52-148 OTHEMD
1, 2-Dichiarobenzanse-g4d % 197 197 N0 BE% A% 54 - 148 R ET
2-Fluarobipheny! 0% 187 158 00 BE% BE% 54 - 142 OTIMEM0
2-Fluorophanal 4% 282 280 00 Bew BI% 54 - 144 R ET T
Mitrobanzene-ds 101% 203 205 a0l 1% 106% 50- 181 e7TMEM0
Pheml-d6 8% 201 = ol % BTR 51-149 OTI5M0
4-Terphenyl-di4d &% 164 168 Ml BI% B3R 58 - 14 OTHEM0
2,4 8-Tribromophernal Ta% 278 g1 ang  BA% A% 34-138 0TS0
Page Jof 3
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,{E;fj if‘:‘bﬁfj @ SOUTHWEST SHIPPING TICKET MO,

Jjo07e JC13 RESEARCH INSTITUTE GBEGY
9503 W. COMMERCE - SAM ANTOMNIO, TX 78227-1301 (THIS IS NG B0 N
[270) GE4-5111 -
DATE: Q7F/06/10
PRIOR TO REPAIR OF ANY ITEM MENTIONED BELOW, BLEASE CONTACT 2 T0/822:3074 WITH ESTIMATE AND FOR P.O. MO,
Columbia Analytical Services, Inc. Please check bax for method of shipment
— o and from Vendor
3725 E. Atlanta Avea. Clrzle specific method of shipment by Air Freight or UPS
Phoen|x, A2
men 85040 SHIP WIA TO VENDOR | RETUIRN TGO SWRI
-
: MOTOR FREIGHT
B Tel: 602-437-0330 0 [
F | FOC: Beth Proffitt AIR FREIGHT et
i AnENAL CARGO) |:| |:|
[
UPS it day, 2daga er 7-10 diryal D D
ATTN: Sampla Receiving
WENDOR PHONE HO. AN A. MO FEDERAL EXPRESS 1 i, 2 divig g
|oTHER O N
PPD, INSURE FOR DECLARED VALLE EF?EI DEPT WO, EﬁﬁDEH'qﬁ%E
COLL B . :
[ 0.00 0.00 08 :
AR BILL OR WE WL ACCT. DR PROUECT MO, SWHRI REG. NO. RETURN IMITIATED BY [ EXT.
14406.05.001 Hutzherpal I
. QUANTITY ] DESCRIPTION & SERIAL KO, : DRIGINAL PG, 5.0., Rib., C.0.0 RES, N80
ECT Date
FUEL, AVIATION
_;! 2 X 20mL SAMPLES CODED CL10-00332, TALLOW JET
UM 1863
FLAKMABLE LICUID
5,W.R.L BUYER YES
BUYER NOTIFIED D Fleass indicate if items ®
ars HAZARDOUS MaTeRal O mo
M. OF PACKAGES d'fl“r: OF PACKAGE WEIGHT CHMENSIONS
" B gox O et 0 oaum O
; i : AEAZON FOR SHIFMIENT ANDIOR REMARKS ;
[ repair []warranTY [lerenir [ lcReDIT LESS [excHange [loTHer
(INCICATE PROBLEM RESTOCKING CHE. {EXFLAIN IN
IN REMARKS AREA) REMARKS AREA)
R
E
N
A
R
K
g
DATE SHIFFED VENDOR
RECEIPT BY.
THIS FORM TO BE USED FOR ANYTHING SHIFFED FROM S.W.R.I,
IMPORTAMT i
PACKING LIST {PINK COPY) SHOULD BE ATTACHED TO THE OUTSIDE OF THE CONTAINER. REMAINDER
OF SHIPPING TICKET SHOULD BE RETURNED TO SHIPPING & RECEIVING, PT.5 (GOLDENROD COPY)
WILL BE RETURNED TO YOU FOR DEPARTMENT RECORDS.
T ) ! e .'4.3 i Fr g,
A /. /6 @ 1035 dabe .”Jﬁﬁ'ﬁf 'Pj.'ﬂ.fofofv/fzjr vy
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Container type : Uoﬁj

XENCO

Laboratorics

Sample Receipt Checklist

Client Name: Soef futtes? Aesoarch /ot +ade_ Date and Time Received: q/%} iely

Work Order Number: 0050, /073 Checked by: /i L

Checklist completed by: [.;(f pYe W Date: % Logged In by: /hq Date: %ﬁa

Matrix: .( : @ Courter Name: Client Xenco f-w(’. :igq Reviewed by: {;}pf Date: ?!;a flf.; .

Shipping container/cooler in good condition? Yes/.l;?/ Mo [ Mot Present [

Custoddy seals intact on shipping container/cooler? Yes O No O Mot Presew.’

Custody seals intact on sample botdes? Yes | MNo O Not Prcseljj.-l-_'”

Chain of custody signed when relinquished and received? @ -\Q}-hi"' Np=" Not Present

Chain of custody agrees with sample labels? Yef,f,-r' Nao

Samples in proper container/battle? Yes No [

Sample containers intact? Ye.q/lz" No [

Sufficient sample volume for indicated rest? ch,ﬂ" Mo [

All samples received within holding time? Yes No O

Samples received same day of collection? Yes [ chl’ Temp: M Wet Tce Present [

Where was the temperature reading taken at? Sample,.Z’ Temp Blank [ Other:

VOA Water — VOA vials have zero headspace? Yes [ No [ NiA &

Water — Microbiological bottles have < 2.5 cm headspace? Yes [ No [ N

Water — All sample pH's acceptable upon receipt? Yes [ No [ NAE Checkedby:
If No, list all samples and bottle types that are not acceptable in Additional Comments section. Also state any correction actions.

Sulfide Water — Bottles have zero headspace? Yes [ MNoll N/AFT  (zern headspace < than neck of bottle)

Dissolved Water Analvtes — Field Filtered? Yes [ MNoll N/AT

Are samples received deemed acceptable? Yes [ N-:}JZ/ If No then complete section below

PC Notified Date: ~ Init PC Init:

Client Notified  Date: i Init: ~ Lim O Drate: - Lim 1] Date:

Contact Mame: Action to take: Analyze [ Cancel [ Hald [J Oither:

Changes/Comments made on original COC? Yes U Nia [ Init: Date:

Changes made in LIMS? Yes [ N/A T Imit: _ Date:

Additonal Comments: —fr_-mfg {;u/'; Ao “?{{\?ﬂé fbﬁ'r_.r.:fa.a{- o G

CE-002-SRChecklist RV
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Appendix M

SAE J1488 Water Removal - JP-8 + 100
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Table M-1. SAE J1488 — POSF4751

Test Description SAE J1488 Test No 5 Average
2783
Test Engineer Kavitha Moorthy |Filter ID, Sponsor M1A1, UTC Upstream Water
LCoantant nnm
Test Fluid POSF 4751 Test Date 7/27/2010 Time Weighted
o Average Water 100.0
Vacuum/Pressure Pressure Test Temperature, °C 27
Removal
Total Water from
Test Fluid Flow Rate (Ipm) 7.6 Water Saturation 83 X 1915
Test Housing, mL
Water Injection Rate Water from
) I 19 SwRI Filter ID Cleanup filters, 0
(mL/min)
mL
Work Order No TN100543
Fuel/Water Interfacial Tension(mN/m)
Before 31.7
MSEP
Before 39
samole ID Test Time Upstream Water Downstream Water Pressure Drop ;Natetr D:T_T:d
P (minutes) Content (ppm) Content (ppm) (kPa) rom (esL) fiter
m
1 0 83 75 0 5.1 0
2 10 2800 61 0 5.3 0
3 30 3230 67 0 6.1 318
4 50 2750 72 0 6.1 297
5 70 2790 64 0 6.3 276
6 90 2950 73 0 6.1 349
7 110 2130 63 0 5.9 250
8 130 2870 81 0 6.2 210
9 150 2740 64 0 6.1 215
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Table M-2. SAE J1488 — POSF6833

Test Description SAE J1488 Test No 8 Average
2499
Test Engineer Kavitha Moorthy |Filter ID, Sponsor Mi1A1 Upstream Water
Content, ppm
Test Fluid POSF 6833 w/P39 [Test Date 7/29/2010 Time Weighted
Average Water 100.0
Vacuum/Pressure Pressure Test Temperature, °C 25
Removal
Total Water from
Test Fluid Flow Rate (Ipm) 7.6 Water Saturation 104 ) 1970
Test Housing, mL
L. Water from
Water Injection Rate . )
) 19 SwRI Filter ID Cleanup filters, 0
(mL/min)
mL
Work Order No TN 100543
Fuel/Water Interfacial Tension(mN/m)
Before 34
MSEP
Before 0
Test Time Upstream Water Downstream Water Pressure Drop Water Dra|.ned
Sample ID i from test filter
(minutes) Content (ppm) Content (ppm) (kPa) (mL)
m
1 0 104 49 0 8.8 0
2 10 2700 83 0 11.2 20
3 30 2420 68 0 12.5 273
4 50 2580 67 0 13.4 271
5 70 2390 65 0 15.2 273
6 90 2340 59 0 14.4 302
7 110 2420 68 0 14.9 265
8 130 2650 65 0 15.6 274
9 150 2490 58 0 16.7 292
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Table M-3. SAE J1488 — POSF6834

Test Description SAE )1488 Test No 3 Average
Test Engineer Kavitha Moorthy Filter ID, Sponsor M1A1, UTC Upstream Water 2531
! 2 Content, ppm
Test Fluid POSF 6834 w/P41 Test Date 7/26/2010 Time Weighted
Average Water 100.0
Vacuum/Pressure Pressure Test Temperature, °C 26 Removal
Test Fluid Flow Rate 7.6 Water Saturation 71 izfs?lH\f)vj;?nrgf,rom 1856
(tpm) L
R Water from
zlrvnalt_t/er;il:)]ect|on Rate 19 SwRI Filter ID ilfanup filters, 0
Work Order No TN100543
Fuel/Water Interfacial Tension(mN/m)
Before 33
MSEP
Before 0
Sample ID Tegt Time Upstream Water Content| Downstream Water Pressure Drop Water prained
(minutes) (ppm) Content (ppm) (kPa) from test filter (mL)
1 0 71 63 0 6.9 -
2 10 3020 45 0 8.2 5
3 30 2970 48 0 9.3 290
4 50 2540 53 0 9.7 265
5 70 2300 58 0 10.1 241
6 90 2630 53 0 10.3 294
7 110 2010 58 0 10.3 231
8 130 2800 56 0 10.6 272
9 150 1980 42 0 10.8 258
230
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Table M-4. SAE J1488 — POSF6835

Test Description SAE J1488 Test No 2 Average
2238
Test Engineer Kavitha Moorthy Filter ID, Sponsor M1A1, UTC Upstream Water
Content. nom
Test Fluid POSF6835 w/P44 Test Date 7/25/2010 Time Weighted 100.0
Vacuum/Pressure Pressure Test Temperature, °C 26 Average Water )
Total Water fi
Test Fluid Flow Rate (Ipm) 7.6 Water Saturation 67 otal Wa .er rom 1819
Test Housing, mL
Water Injection Rate Water from
. | 19 SwRI Filter ID Cleanup filters, 0
(mL/min)
mL
Work Order No TN100543
Fuel/Water Interfacial Tension(mN/m)
Before 321
MSEP
Before 0
sample ID Test Time Upstream Water Downstream Water Pressure Drop ;Nate: D;T_Tted
P (minutes) Content (ppm) Content (ppm) (kPa) rom(esL) fiter
m
1 0 67 57 0 6.8 0
2 10 2390 61 0 9.9 0
3 30 1870 34 0 12.5 229
4 50 2070 54 0 13.8 234
5 70 2090 45 0 14.7 244
6 90 2320 50 0 15.7 280
7 110 2650 50 0 16.6 273
8 130 1880 43 0 17 251
9 150 2630 64 0 18.1 308
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Table M-5. SAE J1488 — POSF6836

Test Description SAE J1488 Test No 4 Average
Test Engineer Kavitha Moorthy Filter ID, Sponsor M1A1, UTC Upstream Water 2401
Content, ppm
Test Fluid POSF 6836 w/P47 Test Date 7/26/2010 Time Weighted
Average Water 100.0
Vacuum/Pressure Pressure Test Temperature, °C 26
Removal
Test Fluid Flow Rate X Total Water from
7.6 Water Saturation 122 . 1852
(lpm) Test Housing, mL
Water Injection Water from
. 19 SwRI Filter ID Cleanup filters, 0
Rate (mL/min)
mL
Work Order No TN 100543
Fuel/Water Interfacial Tension(mN/m)
Before 30.5
MSEP
Before 0
sample ID Test Time Upstream Water Downstream Water Pressure Drop :’:::e[::a;i?t?:
(minutes) Content (ppm) Content (ppm) (kPa) (mL)
1 0 122 55 0 5.1 0
2 10 2470 49 0 5.9 0
3 30 2520 55 0 7.3 266
4 50 2620 75 0 8.6 275
5 70 1890 96 0 9.8 248
6 90 2610 95 0 10.6 257
7 110 2150 56 0 11.2 240
8 130 2610 61 0 12.3 295
9 150 2340 50 0 12.7 271
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Table M-6. SAE J1488 — POSF6837

Test Description SAE J1488 Test No 6 Average
: . ) Upstream Water 2280
Test Engineer Kavitha Moorthy Filter ID, Sponsor M1A1, UTC Content, ppm
Test Fluid POSF 6837 w/P50 Test Date 7/28/2010 Time Weighted T
Vacuum/Pressure Pressure Test Temperature, °C 27 Average Water ’
) Total Water from
Test Fluid Flow Rate 7.6 Water Saturation 126 Test Housing, 2238
(Ipm) L
- Water from
Water_lnjectlon Rate 19 SwRI Filter ID Cleanup filters, 0
(mL/min)
mL
Work Order No TN100543
Fuel/Water Interfacial Tension(mN/m)
Before 35.8
MSEP
Before 93
sample ID Test Time Upstream Water Content| Downstream Water Pressure Drop Water Drained
ample (minutes) (ppm) Content (ppm) (kPa) from test filter (mL)
1 0 126 61 0 6.1 0
2 10 3150 55 0 7.8 15
3 30 1900 60 0 8.7 264
4 50 1540 58 0 8.9 265
5 70 2570 62 0 9.2 305
6 90 2480 70 0 9.8 361
7 110 2150 43 0 10.2 291
8 130 2350 46 0 10.5 376
9 150 2100 61 0 11.1 361
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Table M-7. SAE J1488 — POSF6838

Test Description SAE J1488 Test No 7 Average
Test Engineer Kavitha Moorthy |Filter ID, Sponsor M1A1 Upstream Water 2428
Content, ppm
. POSF 6838 w/P39, Time Weighted
Test Fluid P41, P44, P47, PSO0) Test Date 7/29/2010 Average Water
Removal 100.0
Vacuum/Pressure Pressure Test Temperature, °C 25 Efficiency (%)
) . Total Water from
Test Fluid Flow Rate (Ipm) 7.6 Water Saturation 234 ) 1705
Test Housing, mL
L Water from
Water Injection Rate ) .
) 19 SwRI Filter ID Cleanup filters, 0
(mL/min)
mL
Work Order No TN100543
Fuel/Water Interfacial Tension(mN/m)
Before 27.2
MSEP
Before 0
sample ID Test Time Upstream Water Downstream Water Pressure Drop ;I'\-I:r':‘e:el)s;aflir:::
(minutes) Content (ppm) Content (ppm) (kPa) (mL)
1 0 234 72 0 6 0
2 10 3300 81 0 8.5 1
3 30 2700 73 0 10.1 262
4 50 2220 56 0 11 260
5 70 2600 76 0 11.9 273
6 90 1900 77 0 12.4 240
7 110 2220 65 0 12.6 222
8 130 2540 78 0 13.1 224
9 150 1940 67 0 13.5 223
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Table M-8. SAE J1488 — POSF6839

Test Description SAE J1488 Test No 1 Average
) . ) Upstream Water 2578
Test Engineer Kavitha Moorthy Filter ID, Sponsor M1A1, UTC
Content, ppm
Test Fluid POSF 6839 w/P41, P47, P50 |Test Date 7/24/2010 Time Weighted
Average Water
100.0
Vacuum/Pressure Pressure Test Temperature, °C 26 Removal
Efficiency (%)
Test Fluid Flow Rate . Total Water from
7.6 Water Saturation 93 . 1809
(Ipm) Test Housing, mL
Water f
Water Injection Rate . ater ro.m
. 19 SwRI Filter ID Cleanup filters, 0
(mL/min)
mL
Work Order No TN100543
Fuel/Water Interfacial Tension(mN/m)
Before 29.6
MSEP
Before 0
sample ID Test Time Upstream Water Downstream Water Pressure Drop ;Natetr D;T_Tted
P (minutes) Content (ppm) Content (ppm) (kPa) rom (ESL) fiter
m
1 0 93 63 0 4.7 0
2 10 3190 49 0 7 18
3 30 2610 72 0 8.5 226
4 50 2810 51 0 9.4 248
5 70 2520 65 0 9.4 318
6 90 2450 70 0 9.6 232
7 110 2320 61 0 9.9 272
8 130 2400 52 0 10.3 241
9 150 2320 79 0 10.6 254
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Appendix N

Certificates of Analysis (CofA)
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Cerfificate of Analysis ) ;Qiﬂmm]ﬂmf

R-8 il F-2 be-myninedo et el mestng Lw gensml
- meziants of MILOTLSIU0F. 1 i fot sultaie oruse in
ETNTH ET'C JET FUEL aesal G b provicied fon deveinsersint puamoses ook, This fual
A betiaen 23 and 25 gL sherolc snfodckn ko o
lorgye siRbilly
HYNTHETIC DIGTILLATE JET FLAEL
Lat 1 Date; _ 062088
PHYSICAL PROPEATICS TEST METHOD UnNms SPECIFICATION BCTUAL
— VALIRE
Dleristy AETH DE053 kgl orsaTT O TG
AP AETH D082 L 27, E-ER K CET ]
Flask Poind, min ASTEA Doy 'C 3 L
Arh AGTR O=102 Wi Report = 0109
it WViechaly 0% 4000 AT C-445 o [ 1.44
Frwaabin Pasryl, risix ASTM C-3882 i =47 4%
Calang ingex ARTM DETE 0w | E&3
Swyaak Color ASTM D165 Repoit =30
Ciskdwban, 13P, % Mcmred ASTHM DARE? o Beport 108
0% imoseead, M T 1BE 157
1% recavered T Repart 174
50% recovared T Regart 218
DG Perdnaered " Rapail aTe
i 350 08

The pecdvche) suscrbzed harsis may require piscautia s in hardiieg ard s 17 | Exluty Dalz Shaais
(MECE] for Sysirvgun preducs an ncﬂ.ldrd '.H1'|' L un-amnl You reey piss obiain B nlbimetss by welisg i o at ke seens tolw, Wrari
1 By i Al i1
Lt FIE R T T Eéi"" E
E&1R South Tals Awe, Fia 430 ¥
Tishian, G F4138 e | Tiie

Apgroal ta Shig

THES FROGLCT 15 EXFERIMENTAL AND SYDTROLEUM CORFORATION MAKES NO BITRESENTATION THAT IT WILL BECUME
CIMMERCTALLY AVAILANLE. THE DATA FROVIDEDR NERER A LE PRESENTED BOE IVFORMATION FURRSES ONLY AMD CANNOT BE
CUARANTEED 10 BE IBENTICAL TO THE FEODUCTS FRODUTCED AT ANY TIME. N0 'WARRANTY |5 EXFRESSED QR IMPLIED
REQARDMG SECH OTHDR TMPORM A TICH, THE DAYA UFDY WHICH THE SAME 15 BASED, O THE RESTATS TO RE QR TANED FRONM
THE USE THEREGE; THAT ANY FIDTCT SRALL BE MERCHANTARLE O FIT PORANY FARTICULAR PURPOSE: O THAT THE LSS OF
SUCEOTIER rar RS ELT IO O PIe0HCCT Wil L N0 InemDNGE ANY FATENT.

Fvision Deler B3 Jemw 3008 Pege1ald

Za T HO3Loerd PEPSATET T LEZGR EMAT/BLMGR

Figure N-1. Certificate of Analysis - R-8 Lot 1 (CL09-0324)
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AFPET LABORATORY REPORT
10 A PLR

treet
Area B
H 45433-7€632

Lab Beport MNo:
Date Jampled:
JOH: DARPAOOL

Sample Submitter:

Loop Road H
480

WPAFE, OH 45432
Beason for Submi

AFRL Research
= Fu=l,
—g82123F

Ferosene
Grade:JP-8
2ty Submitted: gal

2009LA16722002 Protocol : FU-AVI-00 Cast Sample Ho: 5674
gp2/27/2009 Date RBeceived: 032/02/2005 Date Reported: g3 052008

Mathod Tant Hin Maz Pasult
A D Sulfur {ppm) <3
A D Color, Saybolt Beport Omly +310
A D Total Acid Number (mg EQE/g) Beport Omly 0.002
2 D Aromatics (% wol) Beport Omly 0.0
A D Hercaptan Sulfur (% mass Beport Omly 0.000
A D
Beport L5€
Report lég
Beport 170
Beport 185
Report 227
Beport 244
Beport 1.1
Beport 1.0
D Report
D = Beport
D 05el Beport
D ] Beport
D 0a Beport
D 05 Hydrogen Content (% ma=s) Beport
D 0a Smoke Point ({mm] Beport
D o7 Haphthalenes (% wol) Report 0.0
D 04 Copper Strip Corrosion h @ 100°C) Beport la
o 08a Thermal Stabdl
Beport U
Beport O 1
D 381 - 04 stent Gum (= Beport <l
D 1054 - 07 Beport 1
D 2948 - D8
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San Antonio Products Terminal
P. Q. Box 241017

San Antonio, Texas 78224-1017

Sample Type: Jet A
Tank Number.: 103

nt @ 1600 02/21/10 pu @ 0600 02/22/10

Yolatility

Initial Boiling Point (°F)
Distillation 10% Rec (°F)
Distillation 50% Rec (°F)
Distillation 90% Rec (°F)
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Distillation Final BP (°F)
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No. 1 max 1A
7 max <1.0
-41.0 max -76.9
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Figure N-5. Certificate of Analysis — Valero Jet A (CL10-0429)
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